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The reaction of 2° ',3'-O-methoxyethylideneadeno- 
Sine with pivalyl chloride and sodium iodide in pyridine 
solution was found to give good yields of 2'- or 3'- 
iodo-2'- or 3'-deoxy nucleosides. The products were 
Poeun etOspeatearcomolex 3'—- "or 2° -O-*enolester” function 
(4,4-dimethy1l-3-pivaloxypent-2-enoate) in addition to 
Pie sespected 6-=N— and 5'-O-pivalyl groups. The 
novel formation of this function from an orthoester 
was studied and a rationalization suggested. [In this 
Begearaval iireresting acenos ine) 3'-O-pivalylketene 
acetal was isolated and shown to function as an 
intermediate. Treatment of triethyl orthoacetate with 
pivalyl chloride/sodium iodide/pyridine gave ethyl 4,4- 
dimethyl-3-pivaloxypent-2-enoate. This compound was 
also obtained from sodium ethoxide treatment of one 
of the nucleoside enolester derivatives. Some aspects 
of the mass spectral fragmentation of these enolester 
derivatives are discussed. 

Chromatography on carbon has been utilized to de- 
VelOp a Tecile séparationsoL 6-N=pivalamido-9—(3—1600- 
S-heGxy—-b-O-pivalyi=—2-0- (47, 4=Cimethyl—3-piveloxypent~2—= 
enoy | ]—p-D-xy lofuranosy])) purine ‘and the corresponding 
2'-iodo-2'-deoxyarabinofuranosyl isomer. Small amounts 


On O-N-Divalanucdo-9—(S5-deoxy-5-O0-pivalyl=2-0- [4 ,4- 
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dimethyl-3-pivaloxypent-2-enoy1]-g-D-glycero-pent-3~ 
enofuranosy.1) purane, and. 6-N-pivalamido—9- (5-pivaloxy- 
methyl-2-furanyl) purine were also isolated. Crystal- 
lization using a diffusion method was used in many 
cases and was found to be of exceptional value with 
these compounds. This technique involves allowing a 
volatile solvent (in which the compound is insoluble) 
to diffuse into a concentrated solution of the material 
to be crystallized, and succeeded where all other 
attempts at crystallization had failed. Selective 
removal of the enolester function by mild treatment 
With potassium permanganate, together with the separa- 
tion of the iodo-enolester intermediates, allowed the 
specific syntheses of a number of deoxy and unsaturated 
nucleosides. Among these are: 3'-deoxyadenosine 
.\cOndy.cepin) , O-amino—~9-—{ 3~deoxy— @-D-glycero~pent—3- 
enofuranosyl) purine (3',4'~-unsaturated adenosine), 6- 
amino—9- (2, 3-dideoxy~ B-D-~glycero-pent~2-enofuranosy1) - 
purine (2',3'-unsaturated adenosine), and the only 
reposted synthesis of 6-amino—9—(2-deoxy—D-erythro-pent= 
l-enofuranosyl)purine (1',2'-unsaturated adenosine). 
Since these transformations were carried out quite 
selectively, and on the individual isomers rather than 
mixtures, no complex separations were required to obtain 
the desired products in high yields. Hydrogenation of 


3',4'-unsaturated adenosine to give 3'-deoxyadenosine 
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and o-aminorZotsodeoxy-o0-L-threo-pentoturanosyl) purine 
(the 4'-epimer of 3'-deoxyadenosine) as well as 
hydrogenation of 1',2'-unsaturated adenosine to give 
a ~ceoxyvadenosine and 6-amino-9= (2-deoxy—-o -D-erythro- 
pentofuranosyl)purine (the a~anomer of 2'-deoxyadenosine) 
were studied. Some furyl derivatives were also prepared 
and 9-(5~-hydroxymethyl-2-furanyl) purine, obtained 
from deblocking of the furyl derivative mentioned above, 
was hydrogenated to racemic 2',3'-dideoxyadenosine. 
Caevucatton Obethiseroute to certain. tubercidin 
derivatives tras also been made. «In this case reaction 
Ore2y > -O-Metnoxyethy lidenetubercidin with pivalyl 
Phe ice /Soasan iodide/pyridine gave only the 3'-iodo- 
Oe ew e O-enobesterederivalive. Analogous synthesis 
of 3',4'-unsaturated tubercidin and its hydrogenation 
to 3'-deoxytubercidin and its 4'-epimer was effected. 
Preparation of the analogous furyl derivatives and 
hydrogenation to racemic 2',3'-dideoxytubercidin have 
been performed. 
All necessary chromatographic separations utilized 
im the course of this work employed columns, thus 
making cree amenable to larger scale syntheses. The 
use of preparative thin layer chromatography was re- 


stricted to certain preliminary investigations. 
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ls 0S Gas 





Preparation of Racemic 2',3'-Dideoxy- 
adenosine ((20 "and 169). 


Reactions (Of ez, 73 —-O-Methoxyethy lidene— 
tubercidin with Pivalyl Chloride and 
Soc tum Lod de *in "Pyridine. 


Fragmentation of Alkyl 4;,4-Dimethy1-3- 
pivaloxypent-2~enoates. 
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Description 


Nmr Spectrum of 6-N~Pivalamido-9- (3- 
chloro-3-deoxy-5-O-pivalyl-2-0- [4 ,4- 
dimethy1~3-pivaloxypent-2-enoyl]- 

pales vyLoruranosy |) purine (141) (CDCl). 


Nmxr Spek ou o£ 6-N-Pivalamido-9- (3- 
chloro-3-deoxy~2-O-acety1-5-O-pivalyl- 
pages Pr oes rt ine (134) (CDC1 3). 


Graph of Yield versus Reaction Time for 
Reaction of 2',3'-O-Methoxyethylidene- 
adenosine (131) with Pivalyl Chloride 
and Sodium Lodide. in Pyridine. 





Nm USC Gr um. Ol G-N-Pivalamido-9— (3— 
i90do-3-deoxy-5-O-pivaly1l—-2-0-[4,4- 
dimethyl-3-pivaloxypent-2-enoyl]-8- 
Doxylofuranosyi,) pumine, (150) (CDC1.,). 


Mii eobecorum lon G-Nopivalamido-9 = (2— 
iodo-2-deoxy-5-O-pivalyl-3-0-[4,4- 
dimethyl-3-pivaloxypent- 2-enoy!}- chon Bae 
arabinofuranosyl)purine (151) (CDC1,). 


Nt eerecanUm sO Gao NP ig alam do=0—(3— 
deoxy—5-O-pivaly1—2-O0-[4,4-dimethyl- 
3-pivaloxypent-2-enoyl]-8-D- erythro- 
pentofuranosyl) purine (155) (CDCI). 





Nmr Spectrum of 6-N-PivalLamido-9-(2- 
deoxy-5-O-pivalyl-3-0- [4,4- Rg tem 
3-pivaloxypent-2- ee ee D-erythro- 
pentofuranosyl) purine (e2)) iG. 3) 


Ning eopectrum.,of, A-NoPavalami gos i= (3— 
BOOOSG =e yo SO- pl va ly la Oia 


‘dimethyl-3-pivaloxypent-2-enoyl1]-8- 


D-xvylofuranosyl) pyrrolo [2 ,3-d) pyrim- 
dine (al 7) (CDC1L. ea 


Nmr Spectrum of Ethyl 4,4-Dimethyl-3- 


‘pivaloxypent-2-enoate (154) (CDC1,). 
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Description 


Nmr Spectrum of 6=NePivalamidoe+9~ (2 73- 





Massuopecenum of, Ethyl) 4,4-Dimethy1— 
S=pivaloxypent=2=enoate) (154): 


Mass Spectrum of Methyl 4,4-Dimethyl- 
3-pivaloxypent-2-enoate. 


MassVspectrumfort 6-N-Pivalamido-9-(3- 
aulhosoe 3 ~deoxy- 5-O-pivalyl-2- OS aa 

dimethyl-3-pivaloxypent~2-enoyl]-8~D- 
xylofuranosyl)purine (141). > 


Mass SopectEumeor S6-N-Pivalamide=9>(3= 
GiLoro[> PaGOxy 22 =O-acetyE=5=0-pivaly1~ 
8-D-xylofuranos sy) oNrine (134). 


Mass Sepectrumeor -6-NePivalamido=9= (3- 
Lodo-3-deoxy-5-O-pivalyl1-2-0- [4 ,4- 

dimethyl-3-pivaloxypent-2-enoyl]-8-D- 
xylofuranosyl)purine {150). ct 


Mass Spectrum of 6-N-Pivalamido-9- (2- 
iodo-2-deoxy-5-O-pivalyl-3- OA 454= 

dimethyl-3-pivaloxypent-2- Senay a) =D 
arabinofuranosyl) purine (151). rs 


Mass Spectrum of Oe alan ies 
deoxy—5-O-pivalyl1-2-0- [4 , 4-dimethyl1-3- 
pivaloxypent-2-enoyl]-8- ‘D-erythro-pento- 
Duranosy L) purine ©0255): 


Mass Specerumiot 6-N-Piva lamido—-93(2- 
deoxy-5-O-pivalyl-3-0- [4,4-dimethyl- 
3-pivaloxypent-2-enoyl]-g-D-erythro- 
pentofuranosyl)purine (182). ine 


Mass Spectrum of 6-N-Pivalamido-9- (3- 
iodo-3-deoxy-5-O-pivalyl-~g- D=xylo= 
furanosyl)purine (161). 


‘Mass Spectrum | of 6-N-Pivalamido-9- (2- 


iodo~2-deoxy-5-O-pivalyl-g- D-arabino- 
furan Aa Ne (164). 


Sas 


-[4,4-dimethyl-3-oxo-pent-l-enylidene]- 
-O=pivalyl=$-D-ribofuranosyl) purine 
£38) (CDC1.). 
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Des cription 


Mass Spectrum of 4-N-Pivalamido-7- (3- 
iodo-3~-deoxy-5-0- Bt -O~ [4 ,4- 
dimethyl-3-pivaloxypent-2 SRST} eo 
D-xylofuranos eee ee 3-d]- 
pyrimidine (171). he 


Nmr Spectrum of 2'-Deoxyadenosine (5) 
(DMSO- de, D50). 


Nmr Spectrum of 6-Amino-9- (2-deoxy-a- 
D-erythro-pentofuranosyl)purine (167) 


(DMSO-d, D,0). 


Nmr Spectrum of 3'-Deoxyadenosine (18) 


(DMSC-d D,0). 


6 
Nome Spectrumeot b—Amino-9- (3-deoxy-a1- 
L-threo-pentofuranosyl)purine (61) 


(DMSO- de, Do). 





Nmr Spectrum of 3'-Deoxytubercidin (174) 


(DMSO-d D0). 


=oty 2 


Nmr-Spectrum ‘of 4-Amino-7= (3-deoxy-ad-L- 


threo- Bee OS Beane eee 


pyrimidine (175) (DMSO-d,, D50). 


Mire Spectmum-coa.. Racemic 2" ,31-Dideoxy— 
D50). 


adenosine (20 and 169) (DMSO- de, 


Nice oc peCcrum Of gracemic « ,3.-DLdeo<y— 
D0). 


tubereiain (178 and 179) (DMSO- de, 


Nmxr Spectrum of the Deoxy Protons of 2'- 
Deoxyadenosine (5) and 3'-Deoxyadenosine 


(18) (DMSO-d,). 


Naw Spectrum of 6-Amino-9-(3-deoxy—56-D- 
0 


glycéro-pent-3- -enofuranosyl)purine (] 
(DMSO- dg). 





Nmr Spectrum of 4-Amino-7- (3-deoxy~-§ - 





yi 


glycero-pent-3- enofuranosyl)pyrrolo([2, =3- 


_djpyrimidine (173). (DMSO-d 6)? 


Nmr Spectrum of 6~Amino-9- (2-deoxy-D- 


ery tico~pent—1— -enofuranosyl) purine (159). 


(DMSO- ie 6): 
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Figure Description Page 


34. Nmr Spectrum of 6-Amino-9-(2,3-dideoxy~ 
poU-qlycero-pent—2-enofuranosyl) purine 
(46). (DMSO-d¢). Aba 


3, MaSsSseopecutbumeot 3° -Deoxytubercidin 
CLA Tt. 124 


30: Mass Spectrum of 4—Amino-7- (3-deoxy- 
o-L-threo-~pentofuranosyl)pyrrolo [2 ,3-d] 
Pyeimidriie. (1/5). . 124 


Sire Mass Spectrum of Racemic 2° ,3"-Dideoxy- 
esenosine (20 sands 169). 126 


3 Mass Spectrum of Racemic 2' ,3'-Dideoxy- 
Lobere din: (i738 and 179). ai 


ors Masseopectrum Of “G-N-Pivalamido—-9-—(5-0- 
Bova lvi =D erythro-pent—l-enoruranosy! )— 
PULLe eC LOG).. 128 


40. Mass, spec trum Of 6-N-Pivalamido—-9-(5— 
pivaloxymethyi-2-furanyl)purine (153). 128 


41. Mass Spectrum of 6-N-Trimethylsilyl- 


amino-9- (2-deoxy~-3,5-bis-O-trimethyl- 
silyl-D-erythro-pent-l-enofuranosyl) - . 


purine, 129 
i Mass Spectrum of 6-Amino-9- (3-deoxy-8 - 

D-Gl vcero—pent —3—enofuranosy 1) purine 

GiS6) . 130 
43. Mass Spectrum of 6-Amino-9- (5-hydroxy- 

meciyl=2-turany.) purine: .(157):. eT) 
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A. AY SELECTIVE HISTORY OF NUCLEOSIDES 


In 1909 ithe term "nucleoside" was first used by Levene 
and Jacobs* to describe the carbohydrate derivatives of 
purines and pyrimidines which had been isolated from alka- 
Jane hydrolysis jof yeast nucleic “acid. it has since been 
extended to include any carbohydrate or carbohydrate deériv- 
ative linked through the C-1 carbon to a4 heterocyclic base, 
whether this is a C-N bond or a C-C bend. Nucleosides may 
nevertheless be conveniently divided into two general 
classes: those derived from nucleic acids; and those de- 
rived from other sources or obtained by chemical 
synthesis. - The most common ribonucleic acid derived 
nucleosides are—=adenosine (1), guanosine (2), cytidine (3)4 
PROeuLi ine. 4)". tiie nucleosides obtained from deoxy- 


Guoonucl ele sacle arenc -deoxyadenosine: (5) ja2 U-deoxy.— 


GQuanosine (6), 2.-deoxycytidine (7), and thymidine (8). 
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(2-deoxy-D~ribose) 
2 2 i ae 
2'-deoxyadenosine 2'-deoxyguanosine 2'-deoxycytidine thymi- 
dine 


The five heterocyclic bases found in the common nucleo- 
sides had been identifted in the late 19th @eentury by Kossel, 
Schulze, and Fischer, among seinen However, the struc- 
tures of the carbohydrate residues were not established un- 
til the years from 1910 to 1930 by Levene and coworkers.>> 
In addition to these five bases, over thirty others have 
Since been found to be present in nucleic acids in minor 
amounts. Most of the modified bases are simply methylated 
derivatives ,° as is the only other nucleic acid derived sug- 
ar moiety, 2-0-methyl-D-ribose. / The determination of the 
point of attachment of the sugar on the base was first de- 


8,2 


duced by chemical methods, but Gulland later showed that 


unequivocal assignment could be made simply by comparison 


of the ultraviolet spectrum with the spectra of specifical- 


ly methylated pees pood2 Levene and Tipson demonstrated 


the furanose nature of the ribose ring by methylation, 


hydrolysis, and identification of the methylated sugar. 
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It was later found that oxidation by periodate led to the 
same conclusion, since a ribofuranosyl derivative will 
consume one mole of periodate while a ribopyranosyl de- 


AVS 
Pa is, Todd and coworkers 


rivative will consume two moles 
also used’periodatée oxidation to provide the first in- 
Gication, or Configuration at the anomeric carbon. In this 


Pease acenoeine (1) was converted to a dialdehvde (3) 


which was identical with the product obtained from periodate 





uLearmentsor the —-glucoside = 10 2 The same group Later 
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Scheme I 


discovered the formation of cyclonucleosides via intra- 


molecular displacement of a 5'~-tosylate or iodide by the 


w? or 07 ot the base. AS shown in Scheme IY the tormmecion 


of these cyclonucleosides is possible only for 8 anomers. 
The final structure proof, synthesis by an unambiguous 
route, has also been carried out by Todd and coworkers for 


18 


all of the common nucleosides. The foregoing material 
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has been the subject of several extensive reviews.17 72 


From the definition of "nucleoside" given above, it is 
clear that the structural diversity of these compounds is 
much greater than that observed in nucleic acids. However, 


because of the fundamental role of nucleic acids in all life 
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processes, the most useful and interesting nucleosides have 


been those bearing a close structural relationship to the 


nucleic acid components. 


isolated as antibiotics, 


A number of nucleosides have been 


such as cordycepin, or synthesized 


and found to possess. "antibiotic properties," such as 


2',3'-dideoxyadenosine. 


2472 


For the purpose of this dis- 


cussion an "antibiotic" may be defined as a compound of 


microbial origin that is able to disrupt the normal 


26 
metabolic functioning of other cells. 


Cordycepin was 


the'first-ocfithe nucleoside antibiotics to’ be discovered. 


Tt was isolated in 1951 by Cunningham from the mold 


Cordyceps militaris (Linn.) Link, 


ture Lofoysbenbieyaangchecsame year.-° 


Zul 


and was assigned struc- 


Bentley had 


isolated adenine (16) after acid hydrolysis and had shown 


by ultraviolet spectroscopy that substitution was at the 


N-9 position: 
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by periodate, but the sugar did readily form osazone 
derivatives, indicating the presence of a 2-hydroxyl group. 
Analysis of the osazones indicated a molecular formula of 
CH, 90,4 for the original sugar moiety and Bentley's 
conclusion was that the compound contained a 3-deoxypentose. 
Bentley nexe=prepared the acid phenylhydrazide, m.p. 151, 
[a], +26°, by oxidation of the sugar with bromine water 
Followed by reaction with phenylhydrazine. However, this 
product did not correspond in both melting point and 
optical rotation with any of the four possible phenyl- 
hydrazide derivatives of a,y,é-trihydroxyvaleric acid. 

One pair of these stereoisomers has a reported melting 
point Gfet50embutceakeoptical Totationwopsonbyaroepiand the 
OfHeVEd@rotaetrOn SLUT 262e@butYal melting pountvof® only 
mioehe” Bentley therefore decided on the branched chain 
S-desxypentoserl/. This structure was strongly supported 
LOUnsvea roel aACeESbYNtheetotalssyncthnesis obrnacemmc A, 


mM The synthetic 


(cordycepose) by Raphael and Roxburgh. 
cercycepesem(i7)@and,thessugar deriveditrom thetantabiotic 
cordycepin were held to be identical in that their osazones 
had the same melting point, and a mixed melting point did 
not show depression: 

Although this structure passed unchallenged until 
1964> dt@hasebeen shown to be incorrect. Cordycepin is 
actually 3'-deoxyadenosine (18). This was discovered by 


Folkers and coworkers, who in 1964 isolated a nucleoside 


from a fermentation of Aspergillus nidulans which they 
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found to have identical infrared and nmr spectra with a 


om ine identity of 


sample of synthetic 3'-deoxyadenosine. 
eorcy ceparerrom the mold Cordycepsemidiitaris with 3!- 
deoxyadenosine was also established by the same physical 
methods. > thew structure of the sugar of cordycepin 
has been further confirmed by Hanessian through comparison 
of the mass spectra of cordycepin and synthetic 3'- 
deoxyadenosine. >? 
Not only has this misassignmerit of structure led to 
some confusion in nomenclature, but also to at least one 
erroneous conclusion. In 1963 Klenow found that mono- 
phosphorylated cordycepin was dephosphorylated by a snake 
venom 5'-nucleotidase at the same rate as was 2'-deoxy- 
adenosine monophosphate, and «concluded» thatethe ienzyme 
may be specific only for hydroxymethyl groups and not for 
the 5'-position. >“ 
Arabinofuranosyladenine (9~-8-D-arabinofuranosyl- 
adenine, spongoadenosine or ara-A) (19) is a nucleoside 


antibiotic whose chemical synthesis by Goodman and coworkers 
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SiWMAntrbicticus bytseven years.>° ra-A, together with 


cordycepin and the synthetic nucleoside 2',3'-dideoxy- 


adenosine (20) have all been shown to interfere with 
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the-synthesis of either DNAYOrYRNA,-but®not both.©@ Thus, 
cordycepin strongly inhibits RNA synthesis but has no 
effect on DNA synthesis.>/ In experiments with RNA 
polymerase from Micrococcus lysodeikticus, Shigeura and 
Boxer observed the incorporation of the triphosphate of 
3'-deoxyadenosine-?*c into RNA. Upon alkaline hydrolysis 
Ofethis RNA, all of the radioactivity was contained in 
they nucleoside fraction, with essentially none in*the 
nucleotide Fraction? This indicates that cordycepin 
was incorporated only at the terminal position, as 


alkaline hydrolysis of RNA proceeds via scission of the 


5'-phosphate linkage, converting the terminal nucleotide 


CO 
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to a nucleoside. Shigeura and Gordon demonstrated in 1965 
that cordycepin was incorporated in place of adeno- 
Sine. In studies on the formation of poly A and poly U 
catalyzed by RNA polymerase in the presence of DNA, 
POLyVsATNOrepoOlyeUpmehey foundhthateonhy polyiAl formation 
was inhibited (94-988) .77 From these results it is 
clear that 3'-deoxyadenosine, because of its structural 
relationship with adenosine, could be "recognized" as 
adenosine and incorporated into RNA, but that absence of 
ays tphydroxyl ane ee prevented +chaanlelongationos i Gory 
ee absihnavecreportednthesinevitrolincorporationro£ 
cordycepin into an internucleotide link, but the amount 


was very gmall.-° 


Both 2',3'-dideoxyadenosine and ara-A act as 2'= 
deoxy analogs, since both inhibit DNA but not RNA 
synthesis.>/ Ara-A has been shown to be a chain termi- 
nator in vitro using a DNA polymerase from Bi editanty’, - 
and DNA chain termination by 20 has been demonstrated 
byuecohen bothwin vibrotand etn avivo iwisth 1B. ait gaadcen 
Recently Sprinzl and Cramer have prepared transfer 
mEbonuchedie acids 6(GRNAs)arerminatedeimaei ther y2t-deony— 
adenosine or 3'-deoxyadenosine (cordycepin) and found that 
only the cordycepin-terminated tRNA was enzymatically 
aminoacylated. *? in jaddition+ they ttested rthis samino- 
acylated 3'-deoxy tRNA in an in vitro peptide synthesizing 


system and found it to be without activity. On this basis 


Sprinzl and Cramer have suggested that tRNAs are "charged" 
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Gnptie g hydroxy!) bul that a transacylation to the. 3'- 
hydroxyl-must take place before the tRNA can participate 
in peptide synthesis. Robins et al. have recently 
synthesized aminoacylated 3'-deoxy and 2'-deoxyadenosines.** 
Preliminary biochemical testing has shown considerable 
bacterial inhibitory activity for some of these compounds, 
but the mechanistic implications are not yet clear. A 
Verve tVeecent. report «by Chladek supports the results 
obtained by Sprinzl and Cramer. Chladek found ene 
cytidylyl (3'-5"')—2'-deoxy=3 '-O-L-phenylalLanyladenosine was 
an active acceptor in the peptidyl transferase reaction 
but ethes 3) -deoxy—2 -O-U-phenylalanyi isomer was-completely 
inactive.*> 

PNG want tbLolice peicofuranine ~ (Angustmycin ©) (21) 
eidmaeeoy nine =(mmigustmycan A) (22) vexhibit a further 
structural divergence from the nucleic acid nucleosides. 
Although they produce interesting biochemical effects, 
it is perhaps not surprising that they are not incorporated 
into RNA or DNA. Yunsten et al. first isolated Angustmycin 


He COntai ning (asses eu 


APatiiedsollectm_twouructtre: 23, 

GOuplesbond. “his structural feature has not vet been 

observed in a naturally occurring nucleoside and the 

first 1',2'-unsaturated nucleosidewwas only recently 

synthesized in this Laboratory. "” The; correct. structure), 

22, 18 based On mmr and chemical studies. carried out by 
518) 


Hoeksema and coworkers in 1964. The structures of both 


21 and 22 have also been confirmed by total synthesis 
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Scheme IV 
ence Liese syntncses will be discussed in the next section. 
Finally, mention should be made of the class of 
nucleoside antibiotics derived from modification of the 
base erather titan the sugar. Tubercidin (24) formally 
differs from adenosine only by replacement of the adenine 
N-VewitheaeC=Heunit. Unlike the modified Sean analogs 
cordycepin and ara-A, which are only very poor substrates 
for adenosine kinase, tubercidin is readily phosphorylated 


by the enzyme.>+ 


In contrast, 24 is completely resistant 
to the action of adenosine deaminase which rapidly con- 
verts most modified adenine nucleosides to the inactive 
6-one (hypoxanthine) derivatives. in adartion;, it has 


is capable of replacing adenosine triphosphate in RNA 


Synthesis. This was shown using E. coli B RNA polymerase 
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in one case and Mengovirus-induced RNA polymerase in 
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another The antibiotics discussed here, together 
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HOCH ms tubercidin 


with a number of others, have been reviewed recently 


(1970) by Suhadolnik?’ and previously by Guarino 
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(1967) ,°° Suhadoinik (1967),°' and Fox (1966).-° 
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B. A SURVEY OF PERTINENT NUCLEOSIDE SYNTHESES 











vyntheses Of nucleosides containing modified sugars 
have been accomplished by three basic approaches. 
(1) The desired sugar may be synthesized separately and 
coupled with the appropriate heterocyclic base by a 
variety of techniques. (2) The heterocyclic base may be 
constructed from a suitable glycosyl-linked precursor 
of the desired sugar. (3) . Transformations may be carried 
out on-a nucleoside itself. All of these methods have been 


=) : 
20~23 The first two 


used and extensively reviewed. 
approaches involve coupling, or condensation, reactions 
which often give mixtures of a and 8 anomers.° In addition, 
it has been found that the frequently used mercury salt 
coupling method can give products which are contaminated 
with minute amounts of mercuric ions. These trace ions 
are difficult to remove and may be biologically 


By cleet oil 


Significant. Other compounds, such as modified 


sugar analogs of the C-nucleoside formycin (24), are 


formycin 
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not amenable to direct synthesis by known coupling pro- 
ceduress< However, both formycin and tubercidini are 
available natural products for use as synthetic start- 
ing materials. For these reasons considerable effort 

has been expended in developing synthetic methods which 
are applicable to preformed nucleosides. Because the 
work to be discussed in this thesis deals specifically 
with the preparation of adenosine and tubercidin analogs 
containing deoxy or unsaturated sugars via transformation 
of the nucleoside to a halo derivative, only syntheses 
relevant to this approach will be reviewed in this section. 
In this regard little mention will be made of procedures 
used in pyrimidine nucleoside transformations. These 
almost invariably proceed with formaticn of an O”',-sugar 
cyclonucleoside which is subsequently opened by a halogen 
nucleophile or in a strong base catalyzed elimination. 
Purine we ,-sugar cyclonucleosides can be readily prepared, 
but suffer degradation of the purine ring and are thus of 
little synthetic value. 

The first synthesis of Bude area detesane was Gannied 
OuUtctby ToaddgahdaUdbrichtiim 1960.wiThisSaanvoived S72 
displacement ofnthe>3 !-O'p=nitrobéenzenesulfonylwderivative 
of adenosine with sodium iodide to give a 3'=-10do-3'- 
deoxy nucleoside which was hydrogenated to 3'~deoxy- 
adenosine. °7 The authors mention that similar reactions 


attempted on 2'-O-p-nitrobenzenesulfonyladenosine failed. 
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This lack of reactivity at the 2'-position had been 
exploited by Goodman and coworkers in a synthesis of 2'- 
deoxyadenosine and later in a synthesis of 3'-deoxy- 
adenosine. In these syntheses (Scheme V) the adenosine 
Senor boepoxidem(29)- was prepared by coupling of 26 
with 6-benzamidopurine chloromercury salt Ven)s tO ae 
20. Treatment ofthis product (28) with methoxide 
gave anhydro formation and concomitant deblocking. The 
resullingsepoxide (29) was opened with sodium ethyl- 
Mercaprtidesrosgivesthe 3 -Stethyl-3"-deoxy xylofunmancsyl 
nucleoside (30). This could be desulfurized directly to 
Siocec<vadencsine (13) or econverted to the 3 '-cthloro= 
2'-S-ethyl-2' ,3'-dideoxyarabinofuranosyl dewivaiive (32) 
by treatment with thionyl chloride followed: by sodium 
bicarbonate. The latter reaction presumably proceeded 
Eiroughetiet2 |, 3 l-episul fonium ion 33) which was opened 
Piaeiemoe—eOsition bywehloride 10n- = Treatment poh 32 
with sodium acetate in 95% aqueous methyl cellosolve 
gave the episulfonium ion (33), which was again attacked 
mainly at the 3'-position by acetate. Desulfurization 
of the deblocked derivative (34) with Raney nickel gave 
Ze CrVacenosine (5). j LRG Overall yieldsctwa twas 


Q.5 J EALS, 


(oo) 


The first synthesis of 2',3'-dideoxyadenosine 
(20) was also achieved by displacement of a 3'-O-tosylate. 
in, thistcasess *-O-tosyl—2 {-deoxyadenosiney (35) gras seacted 


with sodium ethyl mercaptide to give 36 which was 
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Scheme V 





desulfurized to poke. 
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The use of displacement.reactions on the (primary) 
5'=-position has been complicated because of facile N?,5'- 
cyclonucleoside formation. However, in 1965 Jahn found 
that acylation of the 6-amino group reduced the tendency 
for N-3 displacement at the 5'-position. Accordingly, 
Jahn-was sable toficonvert: 5'-O-tosyliadenosine -into the 
Gorresponding=5'=a0do, -bromo, chloro, azido, and*amino 
5'-deoxy derivatives by per-acylation followed by dis- 
placement with the appropriate nucleophile. °> Samikawrly 
Peep oe O- SoLropyiidenc=5 )-O-mesyltubercidin was grirst 
Pemvenzcy aceduand  Lhees.-O-mesyl) then displaced with 
sodium iodide. Hydrogenation, followed by deblocking, 
gave Die ecH uber ci ci nna: Dhesuse of tertra-n=bucy. 
ammonium fluoride to displace the. 5>5—-O-tosy) Obge leony. 
uridine and thymidine giving the corresponding 5'-fluoro- 
5'-deoxy compounds has also been reported. °/ 

A type of purine cyclonucleoside which has been used 


in the formation of deoxy nucleosides of both adenosine 
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and ajvaenosinecmsnthers ” , 2o=f3i'- pror S' =cycloriuckeo- 


sia ontia (9 inesseo Lsetichleophilice enough to complete 
successfully with the N-3 in cyclonucleoside formation. 
Scheme VII shows part of a reaction sequence by which 
Lreltera sand lata prepared 2" =deoxyadenosine (5) vandi3'"*— 
decuyadenosane!) (1S jor Ocrosylation ‘of -5 '=O0-acety1=8- 
bromoadenosine (37) gave a mixture of the 2'- (31302 eae", 
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Scheme VII 


displacement of the 2'-O-tosyl and a similar reaction 
sequence With the dimesylate favored 2'-displacement by a 
PAbtoO WSfieAbouPrseeOerthiss#regiosévectivity isethoughitnrto 
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,3'-cyclonucleoside. A recent review or Parties 
cyclonucleosides by Ikehara is available. /+ 
Pertaps the* best method’ of preparing 5'=—i10do-5 '= 
deoxy pyrimidine nucleosides is by treatment of the 2',3'- 

O-isopropylidene derivative with methyltriphenoxyphos- ° 
phonium iddide, a procedure reported by Verheyden and 
Motirace. 27 Tuc W Le a Unfortunately, with purine nucleo- 
Sides the major or exclusive product is the we ,5'-cyclo- 
nucleoside as would be expected from the known facile 
formation of these compounds. Attempted application of 
this reagent to the iodination of pyrimidine nucleoside 
secondary hydroxyls was successful only with thymidine, 
where there is no cis vicinal hydroxyl group. /? Another 
method for the preparation of 5'-halo-5'-deoxy compounds, 
in this case the chloro and bromo derivatives of adeno- 
sine, cytidine, and uridine, is the use of Vilsmeir-Haack 
type complexes derived from the appropriate thionyl halide 
and dimethylformamide (DMF) or hexamethylphosphoramide 


AyD 


(HMPA). This reagent has also been used in the 


formation of the cytidine 0% ,2'-cyclonucleoside. /° An 
apparently more versatile procedure is the use of tri- 
2 phenylphosphine and a halogen source such as carbon tetra- 
chloride, carbon tetrabromide, carbon tetraiodide, bromine, 
cyanogen bromide, N-bromosuccinimide (NBS), or iodine. 


This general procedure has been applied to the halogenation 


of both primary and secondary hydroxyl groups of nucleo- 
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sides. The reaction of NBS and triphenylphosphine with 
2',3'-O-benzylideneuridine gives the 5'-bromo-5'-deoxy 
derivative. // In the absence of triphenylpkhosphine the 

NBS reaction takes a very different course, as will be 
discussed later. The 5'-chloro, bromo, and iodo-5'-deoxy- 
2byaceO-tsepropyltdenetinosinevderivativesdhaverbeen 
peeparcder comes), 34-Ostsopropylidene hinosinehby »reaction 
with triphenylphosphine and an appropriate halogen source. /® 
In addition, the same authors report formation of 9-(3- 
hip aes Beer a ile eee eee (40) in 
tiaeyvoe 1d*frow ithe SinOzacetylucompoundspawith nostrace of 
the 2'-isomer detected. Using this same reagent, Verheyden 
and Moffatt have prepared 5'~-chloro-5'-deoxyadenosine as 
well as some 5'-halo-5'-deoxyvpyrimidine nucleosides» 47 
Wheyyauseo Keporced thattreactiongtoies' O-acetylunidine 
with triphenylphosphine and carbon tetrachloride gave a 38% 


vec.drotnthes2 '-chloror2ddeoxy >>) 5Ocacetylribofuranosyl 


dérivataveaidl )puwubhenonesof thesstscisomer| found. The 
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product is that of overall retention of configuration due 
to double inversion involving intermediate 0” ,2'-cyclo- 
nucleoside formation, as is normally the case with 
pyrimidine nucleosides. The authors’? explain the 
specific formation of the 2'-isomer as the result of a 
greater reactivity of the 2'-hydroxyl, evidenced in such 
reactions as tosylation and diazomethane methylation. 
However, this does not seem to be consistent with the 
results obtained in the reaction of inosine, mentioned 
above, which gave the 3'-isomer. Since it is well known 
that 0” ,2'-cyclouridines are much more easily formed 


than the 0” ,3'-cyclouridines,7? 


it seems more likely PRee 
the intermediate triphenylphosphonium ion gives an 
equilibrium mixture of interconvertible isomers (Scheme 
VGDLeand thamethe position of attack by the 2-carbonyl 
is a result of known specificity based on the steric 
constraints of cyclonucleoside formation. 

Tosylates and mesylates, as well as being used for 
displacement, have also served to introduce unsaturation 
directly through elimination with pees such as Porat 
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methoxide or potassium t-butoxide. The first syntheses 


of 2',3'-dideoxy-2',3'-didehydroadenosine (46) were 


effected by the sodium methoxide or ethoxide catalyzed 


elimination of toluenesulfonic acid from 3'-O-tosyl- 


2'-deoxyadenosine Be a’ oe 


SE 


‘ 


% i Aen 230 e854 AOD 1% SOLENT Sha aevo. : 
satan" * teams feat AN Bieta: 
+ ite Sey = XiAomrcn: ei on oni reinet abkeostioun 

ore ‘Hie baa OV end dura: ar -csbinostonet maitre reg 

* ee ‘Symes mel BB somows= + ats zo ca komme BET 
Hove al sesiebiwd ypbennitdlet 5 Sik TO Yikes aecieaxp 
ngs Jab yd tena carnal Seamed bos ADL sey eee a5 snoitoees as - 

et dete inotelenoo“ead of risse don cook adi ileeeel 7 







bosapistaned ,snigen? Fo: geceemet sion fear igcda. esivass a 
nwone Liow of £2 oeoal®  seioei-~-'t aid cyan faite {avede iz 
bones qlilese eadm dene ah 2sn i fimokngo- 2% 2aats = 
tof? viet ll eton snasee aa 5 acini bitrodayor ty *G ons n6ag = 
ey cov nok mahoodgopiih erotgeas osnihawsednd saz - 7 
roato2} ezenont aidigkegveshec tri 2G-SUaRie muitdt Liupe | a, 
fyoagten-% afd vd. $atie 30 nobe iaoqy aig teas tes (TITY 7 
at19j6 od no: bated yttoktiaege Aenea 3o Jive: «el a 
ncijsemyo? stlsosiomeinys jo evatie sseRes ; 

10% boar panied ep Liew os »eebaivesi teas esdslyeot § 7 . 7 
noLtsvuseeny soayborsni 62 havise opis eved Jrsmeon {gedb 7 7. 
fmihboe an dna ene tio Ew nee tyvumeds ylsoo1sb> " a 
a 


wepaihinys Invkt ody WS abinomnds ms iaesog, x0 ebixodtgemn 
nec. fy ence 30 


cial | aad etal - 








HO 


Scheme VIII 


Horwitz Nas reported that tne 3" -O-mesy le uneLion 
beset eadiby eliminaced trom both eri bo 6447) onduscy lo 
(48) sconiigurations Of thymidine sand 2° -cdeoxyuridige 
derivatives giving the corresponding 2',3'-unsaturated 
compounds (je The same product was also obtained 


from the 0” ,3'-cyclonucleoside, and analogous treat- 
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meneeor 3), 5 —“anmydro-2'-deoxyuridine gave 2',3'- 
unsaturation as well. It was also reported that (51) 


could be obtamied by mild treatment ‘of a 2 Lodo Ayer 


mesyl derivative (50) with sodium iodide in acetone. 
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Scheme IX 


The 2',3'-unsaturated thymidine nucleotide was inad- 
vertently prepared in an attempted phosphorylation of 
JL OdO-o --daoxy Mignlieents. 2 BEY LOU Si ae CY CLC 
phosphate was apparently formed and then eliminated 
COnGLVerciiLoe product. Recently av2c7, 37 -d1-O-=mnes7 li— 
tubercidin derivative has been used to prepare 2',3'- 
unsaturated tubercidin derivatives by treatment with 


zinc and sodium iodides 


Inexplicably, the mono and 
dibenzoylated products of these transformations were not 


deblocked to the free nucleoside. These authors attempted 


sth. 
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Scheme X 


ao olefin synthesis employing a 


to use the Corey-Winter 
2',3'-O-thionocarbonate compound ,Abut withe@little success, 
A 2',3'-unsaturated uridine derivative has been prepared 


in low yield by a modification of this procedure using 
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deactivated Raney nickel on the corresponding 2',3'-O- 

; 87 

thionocarbonate. 
McCarthy et al. later used elimination of toluene- 

su lloniG agid wcomsa .6'-O-tosyl. derivative in.a synthesis 


of the antibiotic decoyinine (22).°° 


A key feature of 

the latter synthesis is the selective blocking of the 
primacy Cl ichydroxyl group while leaving the other 
primary hydroxyl at C6' free for tosylation and subsequent 


elimination. This was accomplished by preparing the 3',4'- 


OreenoxymethyLidine derivative, (52) ‘of —psicofuranine, (21) 





Scheme XI 
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and then using borontrifluoride etherate to effect ring 
closure to 53, leaving only the C6'-hydroxyl free. 

An early step in synthesis of the antibiotic nucleo- 
cidin by Jenkins ‘et al. involved the c-butosidcy catalyzed 


elimination of methanesulfonic acid from 5'-O-mesyl- 


2',3'-O-isopropylidene-6-N-benzoyladenosine giving the 


39 


4',5'-unsaturated derivative. introduction of 4754- 


unsaturation into uridine had earlier been accomplished 


by silver fluoride induced elimination of hydrogen iodide 


90 


from a 5'-iodo-5'-deoxy derivative~ and by the t-butoxide 


Cacalyzednelimanation of toluenesudfonie@macid from 5'-O- 


tosyl uridine.’+ 


Certain 3' ,4'-unsaturated nucleosides have also been 
prepared by direct elimination. The earliest method in- 
VO VeQmerentciicm@t= Ol 2) 3. -O-alkybidene—5 s-aldehyde 


See ys) ; 
; For example, 


derivatives with a variety of bases. 
reaction of (57) with sodium isopropoxide gave 6~amino~- 
9- (5-aldehydo-3-deoxy-@-D-glycero-pent-3-enofuranosy1) - 


purine (say 


AM similar process tus ingvthe methy tester 
Ofiteg 73 '>O0“Tsopropyis dene=adenosine—S* -carboxylici acid 
(59) ain a: sodium isopropoxide catalyzed elimination 


gave the corresponding 3',4'-unsaturated derivative (6 yee 


As with the 5'-aldehyde, this was converted to a mixture 
cirsiedeoxyadenosine. (k3)tcand Sts Orlivanonen aolNe-by 


hydrogenation of the double bond followed by reduction of 


the aldehyde or ester functions. Zemlicka and Horwitz 
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extended this type of elimination to 2' 


using a 3'- 


eao Carboxylic acid ester to activate the 47 —proton: 
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Scheme XII 


~deoxynucleosides 


O-mesyl as leaving group in conjunction with 


e}is) 


These workers had earlier found that treatment of a 2'- 


deoxy -nucleoside-ba carboxylic acid (62)) with) dimechyl— 


formamide dineopentyl acetal gave "decarboxylative- 


elimination" to (64), presumably via (63). 
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Scheme XIII 


prom. --liuoro[oJodeoxy-35 -O-mesylthymadane wpon 
CreatMentawith potassium E-butexide has Also been=re— 
ported. / 

Very recently several new approaches to the 
Synthesis of 2'- (3'-) halo=2'-(3'=-)deoxy nucleosides 
SuVOLVING stnc tntermnediacy of 2° 3 '=-acyloxonium iGns 
have been developed. Hanessian and coworkers have 
studied the reaction of N-bromosuccinimide (NBS) with 
O-benzylidene acetals of a number of carbohydrates’”® 19° 
and more recently some pyramidmie 2673 -O-benzy idee 


101,102 whe reaction of NBS with Ey 


derivatives. 
O-benzy dene aur.oine (65) gave exclusively 5,2'-dibromo- 
Ze-OG0xV73 =Osbenzoyl uridine (69). Similar treatment 


ioe Oleeery owe, o -O-benzylidene uridine gave he 
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cyclouridine (68). The mechanism of the reaction of NBS 
with benzylidene acetals is thought to proceed by a 
radical mechanism to an a-bromo acetal intermediate which 
then fonizes:. *iTfhe resulting bénzoxonium ion is’ opened 

by an available nucleophile, in this case the 2-carbonyl. 
The cvyelonucleoside ‘may-then react further to*che 2'- 
bromo-2'-deoxy derivative. Concomitant bromination of the 


5-position of the base does not present any difficulty 
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Scheme XIV 
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since 5-halogenated pyrimidines are themselves of 
biochemical interest and, if desired, the bromine is 
easily removed by hydrogenolysis. 

Another approach which has been applied to the 


synthesis of. purine nucleoside derivatives is the use of 


103 


@-acetoxyisobutryl halides. The general reaction 


was discovered by Mattocks in 1964 when he found that 


Boection pL oemacyloxy acidichilorides with ™?y2- and 1,3- 


104,105 


diols gave 1,2 and 1,3 chloroacetates. Phas 


approach, with subsequent hydrogenation, has been used in 


the synthesis of 3'-deoxytubercidin and 2'- and 3'-deoxy- 


er Srl In addition uridine and adenosine 


1087-009 


Forumyoun . 


derivatives have been prepared, and there have 


been preliminary reports of application to guanosine and 


\ 
ae A plausible mechanism for the reaction is 


shown in Scheme a Attack of either the 2"- or 3!'- 


inosine. 


nyarOxy ir ole.0 (Om the acetylocarbonyl carbon*of a 2- 

gee cox senuoyiy.| Nalides(,.) swould jléad 0%a-2/> or 3) - 
O-(277o,5-ceamerhyl—1),3-dioxolan-4-on=2-y1) intermediate 
such ase/2. WProtonation of the ether oxygen softy the 
dioxOlan followed bysattack of the cis hydroxyl’ gives) the 
mixed Eye anhydride 7/32. This intermedi alercould 
be protonated on the carbonyl oxygen and lose a-hydroxy- 
isobutyrideactdy leading tosethe M4iy34Facetoxonium ion 74. 
The acetoxonium ion can then be attacked by an available 


NucLeophii lew. elchersthe 2'-or Sieposition giving the 2'- 
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halo-2 !-deoxy—3)'-O-acetyl: arabinofuranosyl compound: [\(75) 


hee | 


en hic VlahalonIuadconys2!<O+acetyl-xylofuranosy) compound 
WoOianAlcarnativelyrprotonatiomeofronenéo£t the iestes oxy— 
genseot 12 ecamjalso theevisualized as wleading eto 74 by 
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The position of nucleophilic opening 
of the -acetoxonium- ion ‘produced has been-shown to» be 
feapencentHony therheterocyclic, base, present ..dxyidine,- of 
course," is’ "subject «to.exclusive 2'- opening due to 
Pamhrcs patiencot «the @-—carbonyl., Both.of the groups 
that thave Wstudiedythe rreaction with)-tubercidin; and 


formycin have found that while formycin gives a aoe 


or ayes Batto, Orws = to 2'— attack, tubercidin 
gives exclusively the product of opening at the 3'- 
position. Inosine, guanosine, and adenosine are all re- 


ported to give mixtures of tsomemeeme. fan” 


With adenosine, 
Moffatt and coworkers report that 3'- attack is favored by 
about 10:1, although they have not developed any 
practical separation of the isomers to verify this con- 
Saige 2 The products themselves constitute 
compelling evidence for the intermediacy.of an acyloxonium 
ion, and a trapping experiment with sodium borohydride 
Gave Var vo seyeeitd yO rethetexpect ede, hs pOnethy Lidene 
product.+ 28 

The "nature of the suadutcatnends produced in ate 
reaction is variable and appears to be both solvent and 
base dependent. For example, the reaction of uridine in 
acetonitrile, DMF, ethyl acetate, dioxane, or butyrolactone 
ginesemamaly the 5.'-O-(275,5-trimethyi—1,3-dioxolan—4-— 
on-27y) aderzivative (iijpeahalogous tonthesformationsor 72. 


However, in nitromethane or in the absence of solvent, 
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reaction proceeds to the simple 5'-O-(a-acetoxyiso- 
butyrate) ester (78). With the purine type nucleosides 
studied, only formycin appears to give the acetoxyiso- 
butyrate (78), the dioxolane (77) being the exclusive 
PECGUCE Ine reactions of adenosine, tubercidin, and 
inosine. No explanation of this phenomenon has been 


suggested. 
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78 B = adenine-9; 


hypoxanthine 9. 
Jani nO-pyerOLo] } 2,350) = 
pyrimidine-7 
Very recently Moffatt and coworkers have also reported 
the conversion of some of the above halo nucleosides to 
the corresponding 2',3'- and 3',4'-unsaturated deriva- 


a Treatment with chromous acetate gave conversion 


tives. 
of the halo acetates (ho Mixtures of (the #255 =unsaturaced, 
3'=-deoxy, and small amounts of the 3',4'-unsaturated 
nucleosides. 


Yet a different approach to the synthesis of halo 


nucleosides involves conversion of 2',3'-orthoester 
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é ; ae een 
derivatives: to acyloxonium ions. This approach 


forms the basis of this thesis and will be discussed 
in the following section, along with a detailed com- 


Parisonewith the procedures used by Moffatt et al. 
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oe SOME RELEVANT PROPERTIES OF ACYLOXONIUM IONS 


Tneseststence Of acyloxonium ions, or more properly, 
1,3-dioxolan-2-ylium ions, was first demonstrated by the 
work of Winstein and of Meerwein. Early examples came 
“from Winstein's study of solvolysis reactions such as the 
conversion of Pirecon2@=acetoxy33—-broemobutane. (79) "to 
Dp ioe, @#oltacetoxybutane (2 )ewitn est iver (cetacess 1. acy 


aceticwacia, in which the acyloxonium ion (80) is formed 
LS) 


by neighboring group participation. Meerwein had 
H 
H lene 5 AcO H 
is a CH 3 Oe = eS 
ne + CH, OAc 
Sea es —_—>- CH 
See CH CH H 43 
H H 
CH CH, OAc 
CH 3 es 
3 
79 80 81 


Scheme XVI 


isolated the first Stable trialkyloxonium salts 2b thas 

same ete, SMe and later prepared 2-methyl-1,3-dioxolan-2- 

ylium tetrafluoroborate (83) by reaction of 2-bromoethyl 
ey 


acetate (82) with silver Later el iene tens Meerwein 


also obtained aS, from treatment of the orthoester 84 
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(2—ethoxy=1l), 3-dioxolane) with borontrifluoride etherate." 
Reaction of 83 with lithium chloride, hydrogen bromide, or 
sodium iodide was found to give the corresponding 


halonyadrin esters: (35)". 
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Scheme XVII 


Another pertinent example regarding the preparation and 
PEOPELtIeGs Of “acyloxonium 10nS Can be found in Winstein’s 
Seo losme ee ieee Meu (Clo ayo LeLlamecay Lene) io 
CiOxclan—2-yisman Ton (89). This ion was prepared by 
LeEecacing peane-4é-aceLoxycyclohnexy lt, bromide (86) ewok 
Silver tetrafluoroborate, by reaction of the acetal (87) 
WLENetraeeyt tetratluoroborate, and trom tne orticescer 


(88) by treatment with borontrifluoride etherate.??? The 


nmr spectrum of 89 in deuterioacetic acid showed a 


rapid exchange of the 2-methyl protons, indicating an 
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equilibrium with the ketene acetal (90). The equilibriun, 
even in an acid of such modest strength as acetic, lay 


foarmectoethe side io£f the «ion. 





Scheme XVIII 


the equilibrium fommpagion of 90 isSakso evident in the 
Teaclions Of 189. or example, treatment of 489 with 
potassium acetate in acetic acid gives about 50% of the 
product Or simple displacement, of which 94% 1s the trans 
some Ji and 0s Ol a dimericvproduct, 93) theslateer 
proauct as thought to arise*trom reaction’ or 89 withthe 
Ketenewacetal 20"to Give the Substituted acetoxonium ion 


VayewiiiCimiseOuenedewitlh acetate lon to give the observed 
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product 093). 


prepared this ketene acetal by treatment 


bromoacetal 94 with potassium t-butoxide. 


obtain good yields of 91 from 90 by slow 
ketene acetal to anhydrous acetic acid. 
gave polymerization, 


Obseer vedmingthe isolvolysis of 89. 


Winstein and coworkers had earlier 


of the 


3 
ou They could 
addition of the 


Rapid addition 


analogous to the dimerization 


The presence of a very 


low concentration of the ketene acetal effectively pre- 


cludes polymerization in the latter case. 
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Further evidence for the existence of ketene 
acetals in equilibrium with acyloxonium ions has 
recently been provided’ by Schroeder.+?1 inwan Ture 
study of they acid catalyzed alcoholysis of trimethyl=- 
orthoacetate, triethylorthoacetate, and 2-ethoxy~-2- 
Wethyl-,s=dvoxolane (84), a rapid alkoxy exchange 
was observed, in the latter case involving only the 
ethoxy group. The alkoxy exchange was accompanied 
Dy a seower exchange tor the vorthoacety! methyl protons, 
which was explained as proceeding via the ketene 
acetal. Since there was no evidence of the 
accumulation of ketene acetal, the elimination step 
is seen to be rate controlling for the deuterium 
exchange. Alkoxy exchange, which operates largely 
through the acetoxonium ion itself, was very rapid 
relative to the deuterium exchange. 

A very early.indication of the intervention of 
ketene acetals was discerned by Freundenberg and 
eehot2 1" They suggested that the formation of 3,4,6- 
Bri -O acetyl 7-0 -trachloroacetyl 3 -—b-giucopyranosy) 
cHbOmiiee( O03), from Credtment or penta-O-ace. yl Bp 
glucopyranose (95) with phosphorous pentachloride??3 
involved conversion of the acetoxonium ion to a ketene 
acetal, (98), which was thers chlorinaved to give’ 39 


Successive) elimination and chlorination gave the 


trichloroacetoxonium ion (102) which was attacked by 
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chiorage 4en™to -gqiveyl 03> “Although” each acyloxonium ion 
can be opened by chloride attack to give the corresponding 
glycosyl chioride, this reaction is reversible , and the 
Stialeprodicteisetnererore the 2-O-trichloroacetyl com-= 


pound + €103)’: 


3 oe 
AcO | i | OAc ee 0 0 ~ 
Z a e=0 
CH. CH 
CH 3 ) 
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The literature on acyloxonium ions is now quite 
extensive and has been the subject of several recent 
baviews 2 ae However, there are relatively few 
examples of the generation of acyloxonium ions from a 
Gish! p2edtolesystempsuchiasiis present in the common 
ribonucleosides. The work of Hanessian et al. with 
2h yoerOtbenzylideneuridine,(65) has already, been 
Menhioned thethiseeregard.. ,pefore.applyingythe reaction 
to this nucleoside, extensive studies were pursued 
in carbohydrate syntheses. One of these studies in- 
VOMVeEcetnewzcactlonsOteNBS withsmethyl 2,3-O-benzylidene- 
boOomethydes -D-eabofuranosides (104) to give methyl 
Be0-penzoy!—-Z-bremo—2-deoxy-5-O0-methyvl-8-D-—arabinofurano— 
Side (105) ands methyl a2 -O-benzoyl—5—pbromo-3-deoxy=-5-0- 
methyl-8-D-xylofuranoside (106) in approximately equal 
amounts. Thus, for secondary Sites of similar electronic 


and steric environments, both possible products are 


formed, as expected. 
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Newman and coworkers have recently published several 
erLeclesionethe conversion of diols to trans chlorohydrin 
Sete eae This has been accomplished by conversion 
Ofenhe O1Gl ato “an go-ketal acid (108) followed by reaction 
with phosphorous pentachloride, or by conversion of the 
GLO Unto fan orthoester (109), followed by réactaon with 
either mtnity: chloride or trimethylsilyl ¢enioride.s In 
each case the product for a particular diol is the same, 
Bin@eseacimycaction proceedsOvia an acetoxonitm ion (111) 
in thellfinalvstep. The existence’ of 2- chloro-2-methyl- 
Y, oedtoxetane species suchas,ll0ddwas indicated by nmr 
Spectroscopy. The reaction of 108d was Carried out at 
-60 to -70° and the nmr spectrum measured at 58°, im 
this way methyl and methylene resonances at 6 1.66 and 
4.14, respectively, were observed. On warming the sample 
COMOCMENGmerecCciVunMeraplUuLy cearranged to that, of o-chiloro-— 
ethyleacetare (li2d); without exhibiting, the resonances 
CHavecterustie-Oor the acetoxonium som (lild). he 
spectrum of this acetoxonium ion, as its tetrafluoro- 
borate.salt (33) had been méasured previously, and shows 
peaks at 6 2.67 and 5.21 for the methyl and methylene 
resonancés.*?" The regiospecificity of nucleophilic 
opening of the acetoxonium ion is apparent from the 
Neablysexclusive formation (poo. POL liga, Lieb, gand lige. 


Thus for lila and lilb attackpoceurs at the less hindered 


primary center. However, in the presence of a group 
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Scheme XXII 
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which can stabilize the positive charge of bond breaking, 
or partial’) bond breaking, this steric control is 
Bevorsed.=vAt tacikwoceurs tin] DL ewat Jthe ‘electronically 
Stabilized benzylic secondary position. Analogous regio- 
Specific results fors107avand? 107c* have® beens obtained 

by Golding using hydrogen bromide in acetic acid on the 


ehke At Hteed yr wre 


This reaction was shown to proceed 

Wi theese? cyelohexanes diol’ (119) via*monoacetylationor the 
dvodnt toPgive® 11.58 foldowed* by formation’ ofthe acetoxonium 
Tone Dose which 1s8then»openedvby bromide ton./* The 
presencey/ofether2-methyl> (cis-45 s-tetramethy lene) =L73= 
diexolan-2-ylium-tont(ile)pwas*shown by thewappearance: in 
the nmr of signals at § 2.90 and 5.92 for the methyl 

and methine protons, respectively. These values are 
consistent with those obtained by Winstein for the tetra- 


fluoroborate salt (89) whach weress 28972%and®5.70.cC8As the 


reaction progresses these signals disappear, as expected. 
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In addition to this regiospecificity, both Newman 
and Golding, using simple optically active diols (107a 
anduc) »~pxhave. «determined that rai net linversion of configura- 
tion about the carbon subjected to nucleophilic attack 
has occurred. This SN, character is also apparent in 
those reactions (NBS or ae-acetoxyisobutyryl halide 
procedures) which have been applied to carbohydrates or 
to purine nucleosides, where conversion of the product 
to an epoxide has been used to demonstrate a trans 
configuration... Recently .a report on tthejuse of acetyl- 
Salgcyiloywsichtorvde stl hiy)iwath diols ttoygive the analogous 


nee This work supports 


halohydrin acetates has appeared. 
BiemrectoOspecst icity demonstrated above for 0 /a. 
However, the authors favor an SN, or tight ions pair 
mechanism for the collapse of an intermediate 2-chloro-2- 
mechyl—1,So-diexoleane (L110). sNewman hasisuggested that 
such a tight ion pair mechanism requires. largely 
retention of configuration, whereas inversion has been 


coundee ce 


in fact, Akhrem et al. have not presented any 
evidence that is not compatible with the accepted SN, 


mechanism. 
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46. 


The a-(dimethylamino)benzylidene group has also been 
used for entry into acyloxonium ion reactions. It was 
first reported by Hanessian as a blocking erauva we and 
has recently been used to prepare halohydrin ester 


Bo aisic eset 


In' this case 3,0c0r-u7(damethyleamino)- 
benvyiidene-l> 2-0>isopropylidene-a-D-xylofuranoses(120), 
prepared Mystreatmentwofethe 1,2-0-isopropylidene 
compound (118) with N,N-dimethylbenzamide diethylacetal 
(119), was reacted with ethyl iodide, cyanogen bromide, 


and n-propyl bromides| ~The: exclusives product, (121))was 


Ehatvofrattack at the primary 5-position. 
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Scheme XXIV 


In OI mentioned above Winstein has converted the 
cye lohexanes acetoxonium;ione 89#to_the expected. trans, 
chloro and bromo derivatives and has obtained the chloro 
denivabiver (lzg2)idirectly\ firomeshe,omthoestere (88) by 


treatment with a mixture of acetic acid, acetic anhydride, 
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lithium chloride and hydrogen chloride.’ Treatment 


Or cls), 2-dlaceroxycyclohexane (123), but.not the 





trans isomer, has also been shown by Winstein to give 


138 : : 
The mechanism was 


largeiy | 22 yend deacetylated=l22. 
formulated as an initial monodeacetylation followed by 
cyclization to the acetoxonium ion and attack by chloride 
fom It ewasPalsoeshowy that cis=1 ;2 cyclohexane “diol 
(hs) gaves the sameSproduct whén “treated with hydrogen 


chloride in "acétic acid; analogous to Golding's later 


use) of hydrogen “bromide ,in acetic’ acid (Scheme XXIII). 
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Scheme XXV 


An approach using reaction of an orthoformate with an 
acetyl halide or acetic anhydride was reported in seg: 2 
The préeaction of Gthe ethyloxrthoformategot ethylene glycol 
(2-ethoxy-1,3-dioxolane) (124 ewithevacetyi chroride, acetyl 


bromide, or acetic anhydride was shown to give the 


COLLesDonodnds 2—lNalo,Or, 2—-acetyl=ethyl formate (125). 
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Scheme XXVI 


Paulsen has studied the equilibration of acyloxonium 


ions? ?9 and has used it to effect rearrangement of a 


4l 


Gucci 2 boa eOwen, Gdo 3129) Batata The inter- 


Nedvacveot manno(|2/7) and altro (128) derivatives is 
required in this scheme, which represents a quite 


different synthetic application of acyloxonium ions. 
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A. REACTIONS OF 2‘ ,3'-O-METHOXYETHYLIDENEADENOSINE 


WITH PIVALYL HALIDE. 


The syntheses to be described in this section 
developed from the observation by Robins of the ease of 
POnve oto Ofe> 74) -O-erioxymethy lraene, psi coruranine 
into the 1',3',4'-0-ortho formate derivative with boron 
trifluoride etherate, mentioned previously in the 
synthesis of the antibiotic decoyinine (Scheme XI). 
Adenosine was chosen as the primary substrate for this 
work because of its central role in nucleic acid and 
wrakig metabolic pathways including coenzymes, the 
MubcroOl city GLlenucleoside antibiotics "derived" From it, 
and because of its ready availability as a synthetic 
Beat GIngG Mater iat. Accordingly, =2)/,3'—D-methoxyethy l= 
fdeneadende ine (on), LOULinel ys preparcd.an near 
quantitative yield by a modification of the procedure 


At ole len se treaved with boron tri— 


reported by Reese, 
fluoride etherate or antimony pentachloride in the presence 
of iodide ion. However, the main product in these 

Boge atone was invariably 2' (3')-O-acetyladenosine.149 
Since our primary interest lay in developing a high yield 
conversion to halogenated derivatives, other methods were 


sought. Recently Moffatt reported that boron trifluoride 


etherate could be used to obtain moderate yields (33-353) 


49. 
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of 3'-1odo- and 3'-~bromo-3'-deoxy-2'-O-acetyladenosine, 
along with an unspecified amount of 2'(3')-O-acetyl~ 


adenosinasan 


This appears to confirm our earlier 
conclusion that boron trifluoride etherate did not afford 
a practical route for obtaining high yields of halogenated 
nucleosides. Our studies turned next to pyridine 
hydrohalide, which was found to be only weakly effective, 
and ther moved’ to the use of acyl halides in pyridine 


La 


solution. Acetyl halides were found to be unsatisfac- 


tory, 4? possibly by virtue of their decomposition to 
ketene under the conditions (refluxing pyridine) which 
were Soe. wate It was subsequently found that this 
problem could be overcome, and the desired transformation 
obtained, through the use of pivalic acid chloride 


: er 1a ES 
Pay Srer luk ing spy dane. 


the vexpec ted''5-N- 
pivalamido-9~ (3-chloro~3-deoxy~2-O0-acetyl-5-O-pivalyl- 
xy Oruranos yr purine =( lod p was "isolated sin W0s-7yieId , 
along witiresene "or che '2.'chiloro-arabine *lsomers ) Although 
no attempt was made to separate them in the present 

study, the “déeblocked™2"-chloro edited has been isolated 
and characterized in this laboratory.+*° When the reaction 
was tected at room temperature the product of simple 
pivalyation (132) was isolated. This compound gave 

the Vsane products vas did \Ls lowihten-reactedMaty rem bux. 

Thus it is likely that formation of the acetoxonium ion 


(133) is catalyzed by pivalyl chloride (or its pyridinium 
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complex) and not by the pyridine hydrochloride produced 
inpconversion ror 131 iro 132. 

In addition to 134 another product was formed in 
11% yield. Like 134, the ultraviolet maximum was 
ate /2nm, indicating jthac!the material was 6-N-acylated. 
Treatment with sodium methoxide rapidly converted it 
to. 2' ,3'-anhydroadenosine, indicating that it was also 
a 2° ,3°—-trans-halohydrin derivative. 'In this case the 
mmr spectrum (Figure 1) lacked the acetyl resonance at 
6 2.18 observed in the spectrum of fs om tly ck eg so 4 
RaQGeLWwOmold Getone la LabuLy I nesonances at is fe torand] 1.25. 
A further sharp singlet occurred in the vinyl region 
at 6 5.76 corresponding to one proton. The spectra 
(Figures 1 and 2) were otherwise analogous. The mass 
spectrum of this minor component showed a parent ion ap: 
m/eyoo3 8) This was 163spunits: highersthani that of 1347, 
at m/e 495. A difference of 168 is compatible with the 
SSUpS*CICULLON, Of two pivalyi igroups Kmass Of 65), [for 
two of the protons of 134. Absence of the acetyl methyl 
signal in the nmr spectrum suggested substitution at 
that position. Attempts to convert the acetyl compound 
(134) to’ this m/e 663 component by treatment of 134 
with pivalyl chloride in refluxing pyridine, as in the 
original reaction, were unsuccessful. The m/e 663 
component must therefore result from some intermediate 


species. 
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It was mentioned above that acetoxonium ions 
exist in equilibrium with the of Ne eee ketene 
acetals. Thus in the present case some of the ketene 
seer Doe COULO lobe present... If this ketene acetal 
were acylated by pivalyl chloride, the substituted 
ScetornOnium lon. i 36awould be formed., This jon, or its 
Pantomerel37, couldsbe opened by) aj chloride ion.to give 
Pov eee norivelyo | So 59137 or Whe corresponding 
Pavalylatedy ketene@acetal (138) could be further 
acy aCe eLOpproduce ecetoxonium ion, 139. .0penang of, 139 


by chloride attack would give the 4,4-dimethyl-3- 
Prveatoxypentea~2eenoylpcerivative (14])2 sihe structure of 
this enolester compound is consistent with the nmr and 
mass spectral data described previously. The latter 
acylation could also potentially be a’ C-acylation, which 
would lead to the dipivalylacetoacetic ester fragment 
142 eee Choughs the remaaning, Sacetyl" sproton, of. 142, 
shouldgbe readily exchangeable, the vinyl proton of,143, 
thes O-acylated fragment, should not be. In fact,, no 
exchange of the signal at 6 5.76 nee observed, Aer on 


long standing or on warming in 95% per deuterated ethanol/ 


deuterium oxide. 
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Ketene acetals, in addition to being intermediates 
in equilibrium with an appropriate acyloxonium ion, 
have been prepared and studied themselves, principally 
by McElvain and coworkers. The syntheses have been 
accomplished by three main routes: dehydrohalogenation 


146 


of ae~bromoacetals; the reaction of sodium with 


; 147 4 . 
a~bromoortnoesters; and the dealcoholation of ortho- 


esters. This dealcoholation can be achieved by either 


. 18248 
simple pyrolysis, or reaction with an aluminum alkoxide 


: ; 14 “ag 
Usually aluminum t-butoxide. : Both McBivain!?? and 
BS1 : é ‘ , 
Borrmann have reviewed ketene acetals in detail. 


McElvain found that reaction of ketene dimethyl 
acetal (144) with acyl chlorides gave two main products: 
the acylketene acetal (145) and the O-acyl derivative 


seve 


Oi@a p-Kevoester (or enolesrer 147). The relative 


yields were dependent both on the ratio of the reactants 
and the nature of the acyl chloride. A 4:1 ratio of ketene 
acetal to valeryl chloride, for example, gave 24% of 

acyl ketene Scecrale (i145) and 63% Of enoPester (147), while 

a 20:1 excess gave yields of 56% and 28% respectively. 
However, reaction at the 4:1 ratio with pivalyl chloride 
was eeteres Gate to give a 75% yield of acylketene acetal. 

Tt Was apparent from thesenresules that the acylketene 
acetal (145) produced from réesction With Lhe straight 

chain acyl chlorides was more readily acylated than was 


L152 
the =starting ketene acetal’ i tier oesexcess)] Of) ketene 
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peeealeicotiusercouired to obtain good yields.of i145. 
This situation is largely reversed with the a,a,a- 
trisubstituted seviImeonloride, pavaly1  caloride, 
presumably by steric inhibition of acylation at the 


carbonyl of 145. It was demonstrated both by McElvain!>? 


2 
and earlier by Claisen, +>? 


thateacylacetic.esters, (146) 
apeeneadi lyeQ-acylated to the: corresponding enolesters 
iA te Qetrne pre sence.of aa proton acceptor ss. inoticklvain"s 
work the proton acceptor was excess ketene acetal and 
ipeclaisenis: itawasapyrnidine. This faeale O-acylation 
Mavepeuthesreason thatyacyhaceticsesterss (146) .were snot 


isolated in more than trace amounts in the acylations of 


ketenecsdimeghybacetal (144). 


O 
RCC1 r 
CH,=C (OCH) 5 ———_—_—_—_—_—_ > RC=CH=C (OCH3) 5 
144 SS sell coat 
RCCL 
r 
O O 
RC-CH-COCH, Zeiten R-C-0-C=CH-C-OCH, 
R 
146 147 
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Scheme XXIX 


In light of McElvain's studies, it should be 


possible to isolate the pivalylketene acetal (138) under 
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conditions of incomplete reaction, if the mechanism 
shown in Scheme XXVIII is correct. This was accomplished 
bY yeoneucting @thetreaction at. 50° for 66° hours rather 
than two hours at reflux. The pivalylketene acetal 

CESS) eYsStayveryrpolarecompoundionwtic (stlica ,°3% | 
methanol in ether) and 22% yield of 138 was obtained by 
direct crystallization of the crude reaction mixture 
from ether. Chromatography of the mother liquors ion a 
Silica column gave 10% of the enolester derivative 

(EADY, e222 or thetblockedworthoestera(132),.2lsyofethe 
acetyilpderivativer(1£34)eandvan additional 143 10f 138% 
Higher reaction temperatures resulted in increased 
formation of 134 while at lower temperatures the 
reaction did not proceed beyond the blocked orthoester 
(£32) Seteressonablerrates.@ Thetpivalylacetictester 
compound (140) corresponding to nucleophilic opening 

Gf TSG orel JJehnasanotwheeniietéectede tnPresumabliys2£ this — 
compound were formed it would be readily O-pivalylated 
EOeLhneVenGléeéeter Kid) yeeincesthesratiovormpivalyt 
chloride to orthoester used in these reactions was 10:1. 
Thevaisolationeol appreciablelquantitiés of 138¥suggests 
thet wt zs favored over the pivalylated acyloxonium ion 
(1436) ort@itsralivyide acyloxoniumetantomer (13/97 @even in 
the presence ba pyridine hydrochloride. This is contrary 
to the situation with unsubstituted acyloxonium ions, 


which have not been directly observed in the presence of 
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Presumably this reversal is due to the 
Stabilization afforded by the conjugated system of the 
acylated -ketene’ acetal. 

Pieter oduct es tormed™inethe reaction o#'2" 7; 32-0- 
methoxyethylideneadenosine (131) with pivalyl chloride 
Prev ehustdependentwenethe raterofvacylation of 7the 
ketenevacetaby(1L35)erelative to the rate of nucleophilic 
attackMonvVGne interval Cacyloxonium ton (ese == heduetion 
of the rate of chloride attack, by lowering the reaction 
temperature, allows the weakly acylating pivalyl chloride 
Lo tcompete moreé+successtully?™ Since this™acylation is 
not reversible, the net effect is an increase in the 
ratio OBPBeENOVES TSE eLOVaecetyUyproduces from +ls7? For+ihe 
RoeeceroneaGarer lux: towl:2 for .the reaction at. 50°, 

Deca nent Orelicrcrude Mitxtureeitromencaction of, 13) 
with pivalyl chloride (at reflux) with sodium methoxide 
in methanol gave a low yield of an ether extractable 
material. This was found to be a substituted orthoester, 
Jeoeae > methoxy pivalylethylidene) adenosine, (148). Al- 
though 148 was only formed in low yield by this procedure, 
it was available in reasonable quantity as a by-product 
from the large Scale preparations of Zaye yscanhyaro- 


Rey s The 


adenosine carried out in this laboratory. 
formation of 148 has been shown to proceed from 138 by 
either of two routes. After these pivalyl chloride 


reactions had cooled sufficiently, methanol was added to 
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destroy the excess pivalyl chloride. Under these 
conditions 138 was converted to the blocked 
pivalylethylidene orthoester (149) which, upon methoxide 
reatment, oavewlee ..wnowever, this reaction of 1386: 
with methanol is slow at room temperature. The same 
procedune was tollowed in the preparation of 138 
described above, where the reaction was carried out at 
BO memos Vercacesuor | 49 .werewetected =alten stirring 
with methanol for one-half hour. Complete conversion 

Obs 3eetonl49erequines about 24.hours “at,room temperature, 
but can be accelerated by warming. This may proceed 
e1thnersby, Conversilonsotsthelpivalyiketene acetal, (133) 


TomoneeOtethewsubstituted lacy loxoniumpeions 136 .0r 137, 


pivOCH. 0 Ad-piv HOCH> 0 Ad 
NaOchH , 
1 ——— E> i 
O O CHOH O 148 
ay A Ry LA ie 
Amey: fey. 
Ss CH : CH0 er oe es 
C= O 
(CH) 3C-C O 
NaOCH,/CH,OH 


piyCCHs 6 Ad-piv 


+ 
Bee CH 40H > 
———-~——_—__ 
| 149 
re) O 
a4 
REY eomeommemg ah ooh 
a eed $ 
CHO CHR Ge) 3 
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followed by reaction with methanol, or by a Michael addi- 

Pe Ome feria a leorelseuttsel ©. In fact,.creatment of 138 

with sodium methoxide in methanol gave 148 after a 

few hours at room temperature. The use of ethanol 

pacner tian mertnenot, to destroy the’ pivalyl schioride, 

followed by treatment with sodium ethoxide, gave 

the corresponding ethoxy pivalylethylidene orthoester 

as required by the above rationale. When treated with. 

pivalyl chloride in refluxing pyridine only the enolester 

Geriveetve Vena wae toumed [rom 140 01 149. “However, 

the reaction was very slow and even after five hours 

atten Mixmecons derablet lay renained. “The pivalyl ketene 

acetal (138) was also present under these conditions. 

It 1S apparent that formation of the pivalyloxonium ion 

CSO} enomet ioe vatylechy lidene” orthoester (149) is 

HOLewO me erCunts tial 158 ,OrmMatiton GbeacCetoxonium ton (133) 

MeOVmeNeeCNenmeattcUced GrtnOcsten (32) i This is 

presumably due to the inductive withdrawal of the 

CacOOny tere tio, decreasing PLOtONation: Or acylation Of 

the orthoester methoxyl or oxygen and/or increasing 

the strength of the orthocarbonyl carbon-oxygen bonds. 
The chloro-deoxy compounds (134 and 141) have 

proved very useful for preparing 2" 93 ' Lannydroadénosine,~>> 

and for reduction to the deoxy derivatives by a free 

143 


radical route. However, a facile general route to the 


synthesis of deoxy and unsaturated nucleosides from the 
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halo derivatives was desired. Accordingly, the 
lodo-deoxy derivatives were prepared because of their 
greater ease of hydrogenolysis and elimination. This 
was accomplished by the addition of pivalyl chloride 
to a refluxing solution of 2',3'-O-methoxyethylidene- 
adenogine- (13l))and excess sodium iodide... ini this 
case the reaction required only four minutes at reflux, 
rather than two hours, and none of the iodo-acetyl 
compound corresponding to 134 was isolated. Instead, 
the observed products are 6-N-pivalamido~9- (3-iodo-3- 
Geony eo 7O-prvaty igs -O- (4 4-dimethy1—-3-pivaloxypent-2- 
enoy | =S-Dea4y logueanosyl)purine (150), the 2£-i10do- 
ababinowisomer (141) 7 the 37 ,4'-unsaturated compound 
(152), cornrésponding -to elimination of »hydrogen iodide 
frome (50 y eidear trace of ,6-N-pivalamido-9-— (5— 
Pivelosymetiyl-eeturany t) purane. (153).9ethe acylating 
ability of acyl halides is known to increase in the 
order F(Cl<Br<I, °° and a stronger acylating agent would 
be expected to react more efficiently with the ketene 
Beer las). enuiswCrivingsthe Cent on to the enolester 
derivatives. This result is therefore consistent with 
the mechanism shown in Scheme XXVIII. 

_ The experiments previously described for the reaction 
of pivalyl chloride with certain productseofetherinitial 
reaction have also been carried out with pivalyl 


chloride/sodium iodide. Treatment of the chloro-acetyl 














7 
‘ ia 7 ° 
7 3 
' = _ 
fi ~ @ 
oid ,yiontbteosA hegkesh aaw anys : neh olen 
- 7 _ 
« ‘ : ws = 
\ ac Reis 
4 ~ r rc ‘ hed . oy 
y SCUKS: horse Apew wows seh ha ni syxesb- “albe J 
+= -" ys y ; iar as 
— , 
{ = 4 + Die ; Y bOrepo tr ia en - 9; ot inne 6S 2 ; 
i a a 
: f a ; 
mJ Vig 26 meszstbhbe edd vd bondatl ies — wa 
\ \ ; 
‘N ' . ‘ 
~ | Out. 1g erteloe arian tes 
a 
t f ? 7 ( Li f) 471 
= 
j | ir . AoIgossZ 
{ f 4 2 ; , HBAS 
Gtexzep & 
“ di P - fe 
‘ t f © | {i owed —_ 
afhtawt yH-Q-Q: 
rat 2 f 
; 7 = by a > 4 , 3 320%3° OD 
t 4 « 
* 
a ~ 
f ' + 7 te 
ya ft 
- 4 f Ps "i Fr) 
=~ 
. 2 t } Pewee fy ra cd (@E 1) 
f ' - ? ‘+ wih /- =" 
adue ” - z ae : + tr «ld A m Liv »- Bavis 
> . .ELEVKX eomevio?. sh) awoio made 
j ‘ks A : 
_ — ipistzsos ee #03, badizoash -yleooiveng 
+e A 7 ea ma) | 





_ 
VA 


zac | seashhind 30,as0abe | RiaeD 4 
7 on mi I ei ; 


4 ey f Ne — kts: Ho, ; 






ery 


: * 5 erry tA 
_ bitte: fo asin Yo 20a 


Se; ite 






HN =piv HN - piv 
Y T'S Se iS 
— = 
“ N yOoN 
PAV OAH 220 pivOCH) O 
AL Ke T/ 
\t 
: 
OR OR 
SO ro 
O 
O o-c € (CH) 
ane i -C- 
ie R= -O-C-CH=C C ne 
NZ N C(CH,) 5 
| » 
~ WN // N HW 


rere 
pivOCH,~ ‘ y eae) 


compound (134), with pivalyl chloride/sodium iodide in 
refluxing pyridine gave no reaction, while similar 
treatment of the blocked orthoester (132) gave the same 
puoductlmaxtunetasydideisls, ahlthoughpreachionoofirthe 
Pavabylethylidenésorthoestéreil48) wasmiastereheredthan 


in the absence of sodium iodide, it was still very 
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Slow and no pivalylketene acetal (133) was observed. 
Finally, reactions run at lower temperatures in an 
attempt ptoeprepare lseewere “unsuccessfui.t™” Instead; 
OnlyMNistunes tof tieSorthocster 132 and enclester 

devin aGives@l5Oeand elo tas wellvas“some tofithe 3! ,4'- 
Wisaturated compound +152; "were obtained’. ““However, 
intermediacy of the pivalylketene acetal was indicated 
Since streatmens tot v3e inthe same ‘manner as "131 

gave the same product mixture in analogous yields. 
Patluvrewloplcolateesiqniaficant amounts of 1 138ein- the 
presence of sodium iodide under conditions of incomplete 
reaction suggests that the subsequent acylation of 

uses LOPhouwilas sbeen enhanced to a greater yextent “than 
has the rate of formation of the initial acetoxonium 

fon s( 3o)ee Enrssmay bevrationalized on the basis that 
Convers ORsC melo em LOml som Volvesma targe pond-breaking 
factor. The importance of this bond-breaking is 
manifested in the low rate of reaction of the pivalylethyl- 
Mienepor choester 149, cal thougniesteric effects may also 
BewesiGlcalvmeiienay Dewargued. thatwpivalyiation Ore 38: 
LOs Do 9eise the major or exclusive pathway  tomenolester 
Hee eatioes sinees i387 iieithe vabsencewot sac wi, areactseat 
tHe Sane of va pqreater rates thangdoes 1312  iewever, che 
possibility that sufficient acid was present for reaction 
toeactiallysproceed vial, lS 6Torgle/ cannot be excluded, 


since no reactions were carried out in the presence of 
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acid scavengers. 

A final observation on this reaction and the identity 
of the product enolester was obtained from synthesis 
of the enolester moiety itself by an analogous route. 
Mpengeddition) ofjariethylaonthoacetate, (153)-to a 
solution of pivalyl chloride and sodium iodide in pyridine, 
an exothermic reaction occurred from which an 11% yield 
ot ‘ethyi-474roimethyl psnpivaloxypent—2-enoate, (154) was 


distilled and crystallized. The mechanism is presumably 


I 
ieomecer | 
CHC (OBt) 5 ——=—"——» (CH) ,C-G=CH-C-ort 
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analogous to that described in Scheme XXVIII. The same 
compound, identical by mixed melting point, nmr, and 
_infraredsspectra, could be obtained in 50% yield by the 
aceLoneonysodrumecthaxrde on the 34-deoxy<=2'=O0+énolester 
compound 9(b55) sderived pfrom-hydrogenolysis"of the 3'- 
teda> iga0 cena -Geenolestertproduct (150) rine 
Vigorous reaction of the simple orthoester is indicative 
of the strongly inhibiting effect of the bulky and 
electronegative nucleoside on this reaction. 
thesacthybnenobestere(l54)) has an “ultraviolet *maximum at 
216 nm, analogous to the maxima reported by McElvain 


S 
for tother lai itpha‘tilc enolesters,+> strong absorption 


Metheeingrared aele45y 1722. and<1760 fem" 


POG 
the double bond and the two carbonyls respectively, 
and gives a negative ferric chloride test. 

fie Crudesproduct Sirom “oreatnentrorr2™ -3'-0- 
methoxyethylideneadéenosine (131) with pivalyl chloride/ 
sodium iodide was isolated by simple ether extractions 
as a light brown solid foam. Thin layer chromatography 
of this mixture in a number of solvent systems showed 
only two poorly resolved spots. One of these consists of 
the Bes cae isomer (150), the 2'-iodo isomer (151), 
aroyeliel Ove Al pene eGlia20e;3 tie fo tieratits. Uilembuny 1 
dexmive ti VereGl SO) VGN Tie amount Om wsoMpresent was not 
large, and has since been minimized by carefully 


controlling the reaction time. However, this compound 
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exhibits a pale blue fluorescence when irradiated 


with the 2537 A light used for evaluating chromatograms 


and shows up brightly. 


Purification of the crude 


mixture by chromatography on silica gel met with 


limited* success. 


Ue product siractions "containng 


50,6 Lo weandyl 52 were®still-eolored, “and resolution from 


153 was not without some overlapping fractions. 


Since 


the resolution was difficult, a large adsorbent to 


nucleoside ratio (ca. 100:1) was needed. 


This made the 


separation time consuming and tedious, particularly for 


routine preparations of a synthetic intermediate. 


Fortunately it was eventually found that a colorless 


muxcturevor 150%) 15a and 
could be obtained easily 


an 


on carbon. Adsorbent to 


een tt lehy sececomorms 53 
rapidly by chromatography 


nucleoside ratios as low as 


5:2 were successfully used for this separation, which 


was achieved by elution first with chloroform:ethyl 


ececacee (et) wlor Us0" bole and 


derivative (153) was not eluted 
was used as the eluant. Unlike 
satica puritication= which? could 


limited success was achieved in 


crystallization required very gradual cooling (ca. 


iS2ee, bheelunyl 
untaiieatechioroforum 

the mixture obtained from 
not be crystallized at all, 
thesvatter casereeine 


Seve»n 


degrees over seven days) and vigorous stirring of an 


ethanol/water solution. 


The yield was poor and the 


conditions so sensitive that even this could not be 
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achieved consistently. The most promising system of an 
Opposite polarity was ether/pentane. Many attempts were 
made with this system, but even seeding with crystals 
Obtained from A ero GavesondyeOi1s. A report 

has recently -appeared,on,the, technique of, crystallization 


/ 


by ma fiusion, and its successful use in this 


laboratoryt2>71°° 


prompted its application to the 
crystallization of 150. The first system attempted was 
theadat fusdon,ofapentanerinto an,ether solution, of,.150, 
tet pend 2525 45in thisscase crystallization, proceeded 
resdilvyadivang Jo0.Conpletely.puce and.ingans overallisield 
of 38%. A careful examination of the mother liquors 

now showed that some separation of the components could 
be effected with ether by repeated development (tlc). 

ine ties prescuce.or looithis separationshad been, obscured 
duel tossiregkangsot 153 coupledgwith ats fluorescence, 
Silica/ether column chromatography was then used to 
separate the 3',4'-ene (lo?) from the 2' (3')-iodo isomers 
(l50-and 151).,and was even used to obtain some of the 
2'-isomer by repetitive chromatography. However, the 
latter.separation is, nearly useless) in) any preparative 
sense. Although the, resolutionsof,150 and 15] seemed 
hopeless, recourse to chromatography on carbon was again 
successful. It was found that if ethyl acetate rather 


than ethyl acetate:chloroform were used only the 3'-iodo 


(Lo0J) andy 3i542-ene, (152), were, eluted), leavang, the 
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A Lede Waly tobe eluted with ethyl acetate:chloroform. 
Rechromatography of some overlapping fractions was 
necessary for complete resolution, but this involved 
only a small percentage of the material. 

Apart from the tremendous practical advantages 
of being able to carry out subsequent transformations 
on pure isomers rather than a mixture, particularly 
with the minor 2'-isomer, these separations were first 
used to determine the optimum reaction time. It was 
apparent from the formation of the 3',4'-unsaturated 
compound (152) ‘chat’ short reaction timesawererdesirabie, 
but it was impossible to make an accurate determination 
Gr the best time without an efféctive separation. ‘The 
strong dependence of the products on the time of the 
reaction is shown in Figure 3 for a series of one 
MEvlimove= reactions “cun for 2, 47 6,098, and 10 minutes. 
As a check on the reproducibility of these results, two 
reactions were run for four minutes. The two minute 
reaction is seen, by extrapolation, to be only approxi- 
mately 90% complete. This difference is apparently too 
small to show up in the yields of the 2'-isomer and the 
pe ened the yields are smaller and the error 
larger. However, it is apparent that the yield of the 
3'-iodo isomer decreases while that of the 3',4'- 
unsaturated compound increases with increasing reaction 


tines. ) THis iS ‘consistent with formation of” the 
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unsaturated compound from the iodo rather than via 

some independent route. Although it appears that 

the amount of the 2'-iodo isomer is invariant, this 
must be regarded cautiously. The amount of the furyl 
derivative (153) produced under these conditions was 
too small to be determined with any reasonable exper- 
imental error. In each case the reaction mixture was 
first chromatographed:on a carbon column, giving the 
2'-isomer in the Vielcsesiown. | Theymixture of 150 
andelJ2ewasethen crystallized from ether/pentane, by 
the diffusion technique. For the four minute reactions 
this gave initial crystalline yields of 44 and 42% of 
the 3'-isomer. The mother liquors were then partially 
resolved on a silica column using ether to give the 
3',4'-ene in 4 and 8% yields, respectively, anda 
mixture which was crystallized by the above procedure 
HOw di vyeranwacdattlonal 4eand 9/2 0LV 150.) Assuming Similar. 
molecular weights, the mother liquors now contain only 
about 7 and 4% of products, and no further resolution 
was attempted. Thus, the first crystallization had 
given 92 and 86%, respectively, of the total quantity 
of 3'-iodo isomer which could be obtained. This is not 
true £LOr thes eight and ten minute reactions, which cave 
only 76% in the first crop. Apparently once the 
COnCent ration Gielo0 LS Approximately equal to that of 


152 crystallization ceases and oil is deposited. In no 
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case has any evidence of co-crystallization been found, 
including the crystallization of mixtures which 


contained the 2'-isomer as well as the 3',4'-ene. 
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B. SPECIFIC SYNTHESES OF SOME DEOXY AND UNSATURATED 
ADENOSINE AND TUBERCIDIN DERIVATIVES 





The iodo derivatives oan a a Vo eet) utilized 





in the synthesis of deoxy and unsaturated nucleosides. 
Wiggs fous) = CeGny~2.-O-eiorester derivative (150) 

Woe On Vetoes lO > =UCORYIUSTIOS ING (to); =o ya 
Wniedtlubatededdelosine, (loo); 2°75 “Ulsaturated adenosine 
(46); and the furyl derivatives (157) and see 
Proteases 1Cd0 2. wucOxy—5 ~“O-enolester=compound (Lol), 
conversion to 2'-deoxyadenosine was carried out as well 
44 


Pemcieesy Telesis Ur he, 2 Uinscatluraced sdenostie (109) 


Ad HOGH-O tone Ad 


HOCH Bee / Ss a 
il wmtoalG sw 09 


OH 





Although an alternate synthesis of 3',4'-unsaturated 
adenosine has since been reported by Wop eaee oo no 
other example of a 1',2'-unsaturated purine nucleoside 


has been reported. The effective separation of 150 and 
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b5tvallowed these conversions to be performed 
specifically thus obviating subsequent chromatographic 
separations. In certain other transformations, 
separations were necessary and have been effected 
using Dowex 1-X2 (OH ) ion exchange (the Dekker 
éobum bd?) or neutral silica gel column chromatography. 
The use of preparative tlc was restricted to pre- 
liminary investigations. The 2'-iodo isomer (151) 
could not be readily crystallized and was used as a 
chromatographically pure solid foam as obtained from the 
carbon column. An analytical sample was obtained by 
Silica gel chromatography but this was neither useful 
nor necessary for preparative work. Transformations 
Opelol abe gaveshighly crystal lizable compounds iso that 
rigorous purification was more easily effected then by 
simple crystallization. The corresponding derivatives 
GmrCiems =todoVlsomer (50)**are not always “easy *Co 
Gp stall bz owe vern,*s Ince 9150 "was ‘obtained ‘analytically 
pure and the transformations were quite mild, no problems 
were encountered in this regard. This reversal of 
crystallizability has obviously proved to be quite 
senate deeou se 

Both the 2'-iodo and 3'-iodo isomers were readily 
hydrogenolyzed to the corresponding deoxy derivatives 


Without side limeactionsse*ihe® 3-Sdeoxy 2 ““0-enoles ter 


compound’ (155), while free of any trace of impurity, 
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proved difficult to crystallize and was handled as a white 
solddvtoamea However, theo2¢+deoxy—3! -Orenolesiter 
derivative proved to be very insoluble in alcohol and 
ether and was obtained in a pure, crystalline yield of 
75%. In fact, these two isomers were separated by 
fractional crystallization in an early experiment, before 
methods forwthevseparation of 150 and 151 had been devised. 
Deblocking in each case was effected with methanol:tri- 
ethylamine:water (45:10:45) and gave crystalline yields 

of 87 and 90% of 2'- and 3'-deoxyadenosine, respectively. 
In this way the product could be isolated simply by 
evaporation and crystallization whereas desalting on the 
Dekker Colima. was necessary if sodium alkoxide were 
ieecdranihe- pverald yield tovsiedeoxyadenosiner\( 18)4 from 
2',3'-O-methoxyethylideneadenosine (131) was 44%. 


Orivhe “othergmethods morlpreparing: 18 dascussed 
earlier, that used by Moffatt and coworkers? 9? is 
nearest to the present procedure both in basic approach 
andjin yaeldeiy Theseiworkerssobtainedia S3¢nyiveld) of 
Sammon ec OLONons -deoxyezeO-acetyiEb—O0— (275 oetri-— 
methyleiSsedioxblandeon=2eyi )=8 -D=xy lofunanosy1y purine 
(160) from the reaction of a-acetoxyisobutyryl bromide 
with adenosine by crystallization of the crude reaction 
mixture. Partial purification of the mother liquors 


and nmr evaluation suggested that they contained an 


AComtonnle 246 60 a 32:2 mixture, of 160 and the 2'-bromo 
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isomer. However, the isomers apparently could not be 
mesolved and the only reported use of this mixture has 
been in preparing 2',3'~anhydroadenosine. A further 


drawback was noted during hydrogenolysis of 160. 


O 
O—CH Ad 
CH37~> 0 0 
CH 3 
Br 
O 
Ne 
610m 
3 
160 


Appesentliy partial:2!,3*,elimination,of acetoxy and.bromo 
functions occurred to give a 2',3'-unsaturated derivative. 
Concomitant hydrogenation of this material gave the 
expected 3'-deoxyadenosine (18) contaminated with an 
approximately equal amount of 2' ,3'-dideoxyadenosine 

(20)ome bhescnlyumethod devised by these authors sto avoid 
Bheswelinination was theyremoval ofethés2 |—-Oracety1 

group although this could not be done selectively. Com- 
plete deblocking O£;160swas .ef fected in w/i3t.vield by 
treatment with methanolic hydrochloric acid, an eight day 
procedure. Hydrogenolysis of this material could now 
besGarriedsoutsin382 Vield, foneasl®t overall ivield of 3'= 


deoxyadenosine,{18).. 
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Since some of the 3' ,4'-unsaturated~2'-O~-enolester 


derivative (152) was formed from the 3'-iodo isomer 





IS VedMeing Sits preparation = in) our~original reaction 
mixture, the use of refluxing pyridine to effect con- 
Versionlof i50atorlS2iwasminvestigatedt  Wnfortunately 
aeruirencree!iminaerony to» the furyl* compound (153) 
oCeurred Vas swell making? 1t’ampossible*to™oebtain 152 
in Hagn-yield.*9Separatvon of the® 37 ,4*=-ene-'(152)" from 


uSSewithe ches carbon column was’ very easy, ‘buta more 
Specitaecesynthesisvope 15>2ewas*soughts’ The use ofl) 5- 
Qtazabicyclo=— (4.3.0 )—nonené—-5 {DBN) “in pyridine solution 
at (Onrbelow. roomptemperature still gave significant 
amounts of ips, falthoughwless than dide refluxing 
pyridine. A pyridine solution of silver acetate was 
POUNwEOMDewaMoOree selective reagent. “Treatment of 150 
LOGeCa in eOUbs=aL = LOOmMetemperatuLresgave: doz in 
quantiktativer yield, puretbystle (siimca, ether) , tand 
CLysecamlizatlongOL lod fromeether/pentane by whe dittusion 
method gave a first crop yield of 84%. Even using the 
diffusion method, crystallization of 152 only proceeds in 
high yield when it is already quite pure. Attempted 
Harodenseion of thiss blockedys/, 4"=“unsaturated compound 
(162) "Gave scomplex mixtures) vappatently as the result or 
competing allylic ester hydrogenolysis. Even furyl 
derivatives were observed by tlc in these reduction 


mixtures and this approach was not pursued further. 
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RelblarkingicmiiylS Zieko oramino=9-(3 ~deoxy-f-De 
Giyceno=pent<3-enof utanosy.) purine (ys6)4+4 was effected 
both with the methanol:triethylamine:water system and 


with sodium methoxide in methanol. The preduct is highly 


o 


insoluble in water allowing yields of 87 and 92 
respectively, to be obtained by direct crystallization. 


Because of the low solubility of 156, it was not necessary 





to desalt the solution before crystallization. It was 


mentioned earlier that the corresponding 5'-carboxylic 


agideeates and taldenyde iderivatives) of sloG cave known. 27774 
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Scheme XXXII 


However, until very recentlyrnovother 


itself had been reported. 


Moffatt and coworkers, 


synthesis voi fla6 
This alternate synthesis, by 


wasceffected by treatment oof the 
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pee PromOne rO-ecery, derivative w(l60)* with DEN at goo ttt 


Apparently further elimination to a furyl derivative was 
not a problem here, although an undetermined amount of 
2',3'-unsaturated adenosine was reportedly formed. The 
iol canon GOhwas So27erorlvan overall yield of ieee 1+ 
The present procedure, with an overall yield of 453, 
compares favorably with this approach. 

Reduction of the 3',4'~ene was effected using 10% 
palladium on carbon and gave a mixture of the 4'- 
epimers, Surdeexyadenosine (18) Vand®6-amine-9-(3=deoxy- 
QnbLagtnieeotpentoruranosyl) purine? (ol) 7*"These compounds 
were readily separated on a Dekker column, >>? giving 

be Gerness -yand peo lyeinessenyilelds]* Vins Sratio*or 

W535: issidgemeical toethatnreported ‘by Nagpal “and Horwitz 
who had obtained the same compounds by reduction of the 
methyl ester of 3',4'-unsaturated-adenosine-5'-carboxylic 
acid. The latter route gives the two 4'-epimers in 
WicldssOin2e wend: 143 srrommechyil - (2770-0-1sopropylidene- 
BieDaelboturanesytluronate) adenine. WiThe*overalil yields 
Goon gotolen bythe spresenitieroute are? 24AMande 062% 

Although formation of the "enolester" rather than a 
simple acetyl ester initially presented some problems in 
characterization, this "bizarre" function (as it has been 


ps has proved to be highly useful. 


recently described 
Attempted deblocking of the iodo-enolesters (150) and 


(151) under a variety of both acidic and basic conditions 
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was not satisfactory. Reaction with zinc chloride 

gave mixtures of partially deblocked Handeiauys?? and 
Ereatment Wrenes0s acetic acid) only *nemoved the" 6-N< 
pival YY @ogreupy SUstial basic conditions iresulted,in 
formation of the 2',3'-epoxide before removing either 
S4—-O-Eoreo-Napive ly) groups.?4? However, mild treat- 
ment with potassium permanganate was found to selectively 
remove the enolester function in high yield. Selective 
debplecking Of the 2&-soxr? 3*=-hydroxy] -hasenot®* been 
reported for the adenosine and tubercidin compounds 
obtained from reaction with a-acetoxyisobutyryl halides. 
In the present case the syntheses of both 6-amino-9- | 
(ogc hawt denvede bh -glyeesoepenesosenbeuranswy 1) putine (46) 
(2',3'-unsaturated adenosine) and of 6-amino-9-(2- 
deounyvoD-erytiro-pent a -enoluranosy |) purine (16 2)edd '2¢—- 
unsaturated adenosine) have made use of this selective 
removal. The reaction was conveniently carried out in 
aqueous pyridine in an ice bath at about 2° for two 
hours. Isolation of the product was achieved by simple 
extraction and ern Atieae Th this way 6-N- 
pivalamido-9- (3-iodo~3-deoxy-5-O-pivaly1~-8-D-xylo 

Seren varhd oul ne (161) was obtained in quantitative yield, 
pure by tle.) » Crystallization of this’material from ether 
gave"an 862 yield Of 16lGartwo-eropsty Simidarly,\ 6- 

No piverlaniao— I 20002 eoxy bap aly s8 “DS 


arabinofuranosyl) purine (164) was obtained in a crystalline 
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yield of 75%. While a high recovery crystallization 

Gre beis-cpose ible jonby when, it iis already,pure, the 

Be —todeosevhydzonversomen. (164) is jreadily.crystallized 

from even complex mixtures. In some early work, 

the permanganate reaction was carried out on mixtures 

of both of the iodo isomers as well as some of the 

Sie ecene 1 G52) avhitchewas sshownsto besconverted.to 

GaNcpivabyladenime junderathese,conditions. After 

extraction of the bulk of the pivalyl adenine into 

water, most Besa 2'-isomer (164), which remained in 

the ethyl acetate layer, could be crystallized. However, 

isolation of both isomers 161 and 164 in good yield 

required careful silica gel chromatography, making it 

a decidedly inferior route. The selective deblocking 

of 150 and 151-to give 161 and 164 was obvious from the 

absence in the nmr of the vinyl proton resonance and 

two of the t-butyl resonances. The uv maxima were 

Still at 272 nm and the mass spectra showed parent peaks 

at m/e 545 consistent with loss of the enolester function. 
The transformation of trans halohydrins to the 

corresponding unsaturated derivatives with phosphorous 

oxychloride in pyridine was recently reported.+°9 

Unfortunately, attempted application of this procedure 

to “conversionvof the 3 )-10d0-2yehydrony: somenze (161), to 

the* blocked 2',3'-unsaturated,;compound (163) gave only 


pivalyl adenine. Even pyridine hydrochloride at 0° is 
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Pepe werat So rOMeAnt rare LOr Losy’ Amore” satistac= 
tory approach was found in mesylation of the 
2'-hydroxyl followed by sodium icdide in acetone 
catalyzed Aitunaeten: s ROeLOds =HOWSVEDR, some 
formation of pivalyl adenine occurred under these 
Senge onsmasewe seee rT hos -—Todor2*-Ormesy! inter- 
mediate (162) was identified by the methyl resonance 
ie@eehneceumreauw 9.337 ethetir absorption at’ L175 em ~ 
(-OSO5-R), and the uv Maximum at 272 nm. This com- 
pound was too unstable to completely purify and 

Sia ractervee se ihererore= conversion "or EG] =coV2 273) 
unsaturated adenosine was most conveniently carried 
Suitewreencoucersolalton or erther *the~2"=10d0—-3!=0= 


mesyl’ (162) or the blocked unsaturated compound 163. 


pivOCH) al Ad-piv pivOCH Sse pina 0 Ad-piv 
pyardscy tf } CHSOC1. 4 ( 
OH chases OSO05CH 
150 161 62 


O i 
i OCC (CH3) 3 


R=OCCH=C NaI/NaOH 


C(CH3) 5 


pivOCH) 0 Ad-piv 





Scheme XXXIII 
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Teeatment  Ofe] Glawath methanesulfonylechioride -in 
pyridine at 2° was followed by addition of an aqueous 
solution of sodium hydroxide and sodium iodide. A 
red color immediately appeared, which slowly dissipated 
as the iodine produced in the elimination was con- 
verted to hypoiodite, leaving a pale yellow solution. 
By. tollowing, this. procedure ,.only-one. spot could, be 
detected on tlc of the crude reaction mixture (silica; 
5% methanol in ether). The solution was desalted ona 
Dekker ee and. gave 2',3'-unsaturated adenosine 
Pei wae ClO webOr aneoverallwvyield of 442 from 131. 
This compound, 46, had earlier been prepared from 


2'-deoxyadenosine in 41% yield by McCarthy et ale > and 


more recently by Moffatt and seqerdeore. ee The latter 
synthesis involves treatment of the 3'-bromo derivative 
WoOjewithechromous sacetate, and ethylenediamine wat =/8° 
under an argon atmosphere. The inability to selectively 
deblock the 2'-hydroxyl would prevent use of the more 
convenient mesylation/elimination approach with 160. 

ihe ,chromous, acetate. used by Moffatieo™ was prepared 

in an argon-filled drybox by treating chromium metal with 
70% perchloric acid (deoxygenated) for 60 hours followed 
by addition of the resulting blue solution to a deoxy- 
genated aqueous solution of sodium acetate. Treatment 


OF GiGwcryot allines 3 sabromos2 Onaga derivative (160) 


Withechromous acetate. gave 99% of 2193 '-unsaturated 
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foes iIne ss Soye=Lor an Overall yield Of 220%, “as well 
caer ritoconvadenosine (1d) § The 3" tode-2'-0- 
acetyl compound (analogous to 160) was prepared by 
PeAcrlON Or Om aceroxyesOuULTyYry.L chioride in the 
presence of excess sodium toate 4 Oniy "a DOT eLon 
of the crude mixture was purified by repeated 
preparative tic followed by crystallization to give 
the 3'-iodo isomer in what would correspond to 38% 
yield if the entire crude mixture were so purified. 
The only reaction of the iodo compound described was 
treatment of the crude mixture with chromous acetate. 
ieee ave onal “Me ToMeye ns OL @ lo atic ye) OL pa 
unsaturated adenosine Gio) lie Crude produce “from 
PrCparActOn OL ies “CiroLro-2.-O-acety) compound 


(analogous to 160), was similarly treated and gave 62% 


Sie vO es Ot =O A ana wos "OL Slob, fe Seo ts 


Se 





possibie to determine the"overall yield in the Latter 
case Since the published figures for the crude yield 
of chloro derivatives correspond to 1068, allegedly a 
einer ure OL erase —CilOorg, DlUuS 2 er OT cuelinve ies 6 
total yield). The pure 3'-chloro isomer was crystal- 
ized it 508 yield’, but reactions with” the*pure® compound 
are not reported. 

The only example of a 1',2'-unsaturated nucleoside 
Wile eo pLevloUs ly DeSn notved Ls (2 =deoxy=D= 


site §lsGul, : ' 
erythro-pent-1-enofuranosyl)uracil. The evidence in 
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support of this assignment rests solely on the uv 
spectrum, qualitative color tests, and paper chroma- 
Peocaphyaersincestiep2isrodo=3!-Orenclestersisomer 
(i5) Scoulldabecreadilytobtainedtinlasnearlytpure state 
in 16% yield, the synthesis of 1',2'-unsaturated 
adenosine was attempted. Initial efforts using silver 
acetate in pyridine, analogous to the preparation of 
3',4'-unsaturated adenosine, were unsuccessful. 
Apparently the desired product underwent an additional 
elimmnatienito thenfuryliderivativetdi53)daserapidiy 
as it was formed. Mreatmencrotl Ehew2ari1edo-3 sshydroxy 
compound (164), obtained by permanganate deblocking of 
fist s,ewaseonlyi partially (successful; towingotoccons 
comitant epoxide formation. The synthesis of 1',2'- 
Unsaturated adenosinesi(oo )adnehighey ieldiwassachieved 
byablotkaing Wthea3sizhydroxyleory led) owzthPaxtrimethyi- 
Sy lAseou pone niEhoughmehe Z2ZisvodonsleO>trimethyisalyl 
derivative’ (165) was stable enough to be isolated and . 
purified by chromatography on silica, the synthesis was 
more conveniently carried out wacheue isolatwoneor 
intermediates. Thus, N-O=bis(trimechylsilyi acetamide 
was added to a pytidine solutronserjde 49 andearter 
3'-O blockingewas complete: as judged by tlc, (silica, 
10% methanol in ether) DBN yasmaadad to effect 
elimination. After elimination was completed the 


trimethylsilyl group was rapidly Cleaved upon addition 
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of methanol in the presence of the strongly basic DBN, 
enanorNpive lame. 9 = (2edeoxy-5-O7p iva byl-D-erythro-s 
Pert iseneshuranosy!)purine (166) 4was isclated as a gel. 
This compound could not be crystallized, but was 
smoothly deblocked with sodium methoxide to give 159 
which is very insoluble in alcohol and water and was 
obtained in crystalline yields of from 84 to 89%. The 
overatieytcldeeronmelo ll; however, was a modest -l0-112. 
The 1',2'-unsaturated adenosine is unstable to acid, 
giving adenine quantitatively on attempted determination 
Cbeenemvysspectrunsing lt PHC! Thermally,» 159. 
decomposed to 9=(>-hydroxymethyil—-2-furyl) adenine: (£57). 
TaveedecompostGion ston, 1a/ was detectable” onvdrying 159 
eee Or eo enous. sine. the fury ly compound Lo7)-, 

U59 has a-biuc fluorescent appearance when observed 
under the 2537 A light commonly employed for evaluating 
thin layer chromatograms. This Similarity with the 
furyl derivative alsoMappears “in “the position of the 


uv maximum which is shifted hypsochromically from the 


NOrMatwadenOsine positon onI259 mm-to 2515 nm tom 159 





andeLoNz4 9 nmeror. 5]. 

The “double bond of 1',2'-unsaturated adenosine was 
readily reduced to give 2'’-deoxyadenosine (5) and 6- 
amino-9- (2-deoxy~a-D-erythro-pentofuranosy1) purine (167). 
In addition, some hydrogenolysis of the glycosidic 


lankage occurred. Separation on a@ Dekker Egilum.-— gave 
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HA 5aSDULLO TP RaANGAGSSCo£Ee 5% The required amount of 
adenine, 18% (by uv), was eluted with 0.1 M ammonium 


bicarbonate. 
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Scheme XXXIV 


Reduction of the blocked compound (GG) eppeareds COoucive 
no a-anomer and an increased amount of hydrogenolysis. 
The 8 -anomer was identical with that prepared above and 
the a-anomer with that prepared previously by Robins 

and Robins via a coupling procedures. Tis yt. S 
sequence demonstrates a route for conversion of an in- 


tact Lribonuclécside to its 2° -dGoxy-o-D-anomex. How- 


ever, it should be recognized that at an overall yield 
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Spates Lotoeroute sto 2/>deoxy-a-D-nucleosides 
is not very useful in a synthetic sense, at least for 
compounds which are accessible by coupling procedures. 
Although the thermal instability of the 3',4'- 

unsaturated derivatives Cie. and 156.) is not as 
great as for the 1',2'-unsaturated derivatives it has 
mMoLwoeen posstbolestos,obtain 4a mass spectrum of 1524, 
because of its decomposition to 53 This was also 


true of 159 and 166 which had to be trimethyl- 





silylated to obtain a syparent™ peak. /Conversion of 

foe mecO tor bivalanidom-(5-pivaloxymethy1—2- 
Pibany hy purines (53) sproceeded readily at 180° and was 
complete in three minutes giving a crystalline yield 
Ole Gleam tvdrogenolysis of 5153) t0.6-N-pivalamido-9-— 
(Samethy l-2-fuganyl) purines, L638 )twashet tected -an4 822 
yield. Deblocking with methanol:triethylamine:water, 
followed by crystallization from methanol gave 6-amino- 
9-(5-methyl-2~furanyl) purine (158) 8+ 


in 88% yield. 
Albtemnativelyjs 153-acouldsbe deblockedswith.meth-; 
anolic sodium methoxide to give 92% of the highly 
insoluble 6-amino-9- (5~-hydroxymethyl-2-furanyl) purine 
(51) 6 Reduction of LSteice xacemict2d Sundadtexy — 
adenosine (20 and 169) could now be effected ind 642 
yieldedaThiss productyhad agdenticaletme andomass spectra 
with «hosel oft 2)4 3)-dideoxyadenosines (20) prepared) by 


hydrogenationioe€ 2/4 3émunsatunaied adenosine. °+ 
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Scheme XXXV 


The 1',4'-cis configuration was. further confirmed by 
Sc CGtosylavionvand x3 > 5'-cyclonucleoside formation. 
Thesexelusiversch, eb icenhiguratrorsisinotestnprising 
Since electrophilic addition to furans is known to 
Proceediviapevsrs, 4faddition, landwappuoachsto a catalytic 
Subpacerusuusuall yocrs Seeeile dna 

Many of these transformations have also been 
carried out on the nucleoside antibiotic tubercidin. 
Prepatationeo£ 2! ,3i-O-methoxyethylidenetubercidiny(l70) 
proceeded analogously to the adenosine compound in 

143 


near quantitative yield. React voneot )al70- with 


pivalyl chloride and excess sodium iodide as above gave 
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only 4-N-pivalamido-7-[3-10do-3-deoxy-5-O-pivalyl- 
2-0—(4 7, 4-dimethyl-3-—pivaloxypent-2~enoy1)-8 -D-xylo- 
furanosyillpyrralo[2,3-d)ipyrimidine’ (1971)./ None of 

the 2'-iodo isomer was found. This is consistent with 
results obtained when tubercidin was reacted with e- 


acetoxyisobutyryl Heise a 


In the present case 
there also appears to be less tendency for the initially 
Formeers == 0dO= 2 Orenolester compound (U7) to undergo 
elimination of hydrogen-iodide to the 3',4'-unsaturated 
Ceri vVatlvem (i 2))  oimple isolvent-extracuzon of the=product 
anos DUrilticatson ona Carbon column similarygto that 
Geer tbe@wcac cre Or the adenosine case gave 171) in 
Oem te Cc econ taimingsonly a trace of 7172, Un- 
fortunately, neither of these compounds were 
obtained in crystalline form and were handled as white, 
solid foams. Tubercidin compounds seem generally to be 
considerably more difficult. to crystallize than the 
analogous Bern econpounaes The maximum absorption 
Pnethewiy spectralor V/ilvand liy2 was shitted 
bathochromcally to-287 rom Bes oe and the nmr and 
mass spectra were analogous to the corresponding 
adenosiné compounds (Lo 0; ands Lo2)s 

Treatment.of “1/1 with siiver acetate: gave  srpoth 
elamination to 44N-pivalamido—/=—|(S=deéoxy—5-O=pivalyd- 
2-O-(4)/4-c1 mero 1 3 —pivydloxypent—2-enoyl)) <6 =D= 


Gly Ceno-pent=3-enoturanosyl |] pyrrolo [2 ,3-d] pyrimidine 
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in quantitative yield. 
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D1. 


Deblocking was effected with methanolic sodium 
methoxidejto give r4—aminon=/- (3-deoxy=8sDaglycero-pent- 
3-enofuranosyl]pyrrolo[2,3-d]pyrimidine (173). However, 


in this case it was necessary to purify the crude 

e 
product. on a Dekker column*?>?, and the yield was only 
£52, 4lOmianoverallyyteld.of.-483) from.,1/0% Like 


° 
3',4'-unsaturated adenosine [ [a] 4 BIpeie lew. JO ,8DMEswater , 


2 
2 


Lobiileqcias compound (1/2), ,jhassayveryalarge negative 


° 
Opticaiarotations ada” B457e WC.0898 ,mOMP) 2 


Reduction of Ligjeunder othe same conditions used 


for 59 followed by separation on the Dekker cpm 2 


gavens»-deoxytubercadin, (1/4), and)its;45=epimer, 4- 
amines /a4 sedeosxy,0—-L-threo-pentofuranosyl)pyrrolol[2 ,3- 
djpyoemidine (lia). wowever, the isomer yields in this 
case were reversed. A 38% yield of the 8 -D~anomer and 
Soe viel dsotethe, U-Uaanomer gwas, Obtained." this is a 
ratio of 1:1.4, while for the adenosine compounds the 
ratio was 1.5:l1. There seems to be no apparent 
explanation for this dramatic reversal. The identity of 
the 4'-epimers was determined es beeen of 174 a5 


106 and can also be deduced from the 


3'-deoxytubercidin 
nmr and mass spectra. 

Preparation of 4-N-pivalamido-7- (5-pivaloxymethyl- 
2—furanyl)pyrrolo[2,3-d]pyrimidane (17/6) ewasserrected 
by heating VoeracGuLoU-* for etwoeminUGesnand gave a 


-_—_ 


Crystationeayield, of 702 Ch Lise stvyarogenolysis of 17/6 


£2 
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a. 


to: 4-N=pivavamido=/— (o-methy1l—-2-furanyl)pyrrolo [2 ,3- 

Gi pyoimidine sled )aproceeded in 82% yield. Deblocking 
Gree) beanG oO sbyethe (methodsr used for the 

analogous adenosine compounds gave 4-amino-7-(5- 
byaroxymethyls2=furany.)pyrrolo1(2,3-d)pyrimidine (1/7) 

enue d-amino—/—(5-mecthyi-2-furanyvi)pyrrolo[2,3-d) pyrimidine 
Cie eae LelosnOroteand 94s respectively. —Hydro—: 

Gena stone mel) emcCOmLaAceti Ca. jo -Ol deoxy cupercidin 

Ce cmance ly omepeoceedecdminw//s7Vield. inher. 4) —-o1s 
configuration was confirmed by nt =Soe-cyclonucleoside 
formation, but it was also apparent from examination of 
the nmr and mass spectra as will be discussed in the 


following section. 
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C. SOME REPRESENTATIVE NMR AND MASS SPECTRA 


+ 


Pn Cheenmr is pectragoreche chlono-eacetyi )(13¢) fand 
ei lore-enclesrom (121) Pcompounds 7 (Figures qi) and 2), 
only the 3'-chloro isomer can be seen. Since the iodo 
peomeGgom LoOeend Lol were separated ,| their) spectra 
fie Welleac) tLhemspectrapot the deoxy derivatives a(154 
and 182) and the Be tOcO-2 \-O-enolester Aufhercenuetin 
Pompound. (ail) aremsiown an Figures 4 to; 8.) yA Tirst 
order analysis of the nmr spectrum of each compound 
prepared in this work is given in detail in the appro- 
priate experimental description and the assignments 
and couplings will be found there. From comparison of 
the chloro compounds (Figures 1 and 2) it appears that 
the most..downiLleld._(ca...§..1.41).and.most.upfield tea. 
pee) OL Ene et —bucy Weresonancessape: Likely tlo ibesthe 
S-Nepivalyl and the vinyl) t-butyl, respectively. The 
spectrum of ethyl 4,4-dimethyl-3-pivaloxypent-2-enoate, 
(So, eFigure 9)) withesignals) at gp sie eand 1.34 tsupports 
this as does the spectrum of the pivalylketene acetal 
(bae, eaguce, 10)ewith signalspacijy Lill jl ils, sandel 33% 
LAeciL is case the vinyl proton also shows an upfield 
Siete COU eet err Onn the Weno lester!’ position of 6 15.752 
the mc of the 2'=10do-6 -O-tCrimetiyisiiyl Gerrvacive 
(LoS) witb signals vat 641.37 and, 4 alee supports che 
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with 80% acetic~acidyremoves; the 6-N-pivalyl group, 
as shown by the hypsochromic shift in the uv maximum 
from 272 nm to 260 nm. In this case the resonance 
at 6 1.41 istabsent. 

Mass spectral analysis was originally the most 
important tool in elucidation of the "enolester" 
Struceure. This function has a strong, character- 
istic fragmentation which appears in all of its 
derivatives. The mass spectra of methyl and ethyl 
(i54)) 4,4-dimethyle3epavealoxypent-2-enoate (Figures 
11 and 12) illustrate this fragmentation most clearly. 
The methyl ester was prepared by treatment of a sample 
Omsls4 with methanolic sodium méethoxide. Comparison 
of the two spectra allows many assiaqnments to be made 
with confidence since those fragments which have lost 
the methyl or ethyl group have the same mass while 
those which have not differ by 14. Surprisingly, there 
is no peak corresponding to loss of 85 [(CH3) ,CCO] from 
Che parent peak), Dit) instead onlyoloss of 64 (ion cd). 

A fragmentation pattern which - eo nes with the 
spectra obtained is shown in Scheme XXXVII. For these 

two compounds the Gack. Ghat wons a Cie / 16s) eu we fey toe)s 
f (115/101) ;fand i) (87/73)| comnfain the alkyl resiiue is 
confirmed by}their ditterence tint mass) (14). ns a (211), 
See / Jone iso) wend > (o/y ate oeen Loerayve lost the 


alkyl group, since they have the same mass. The formation 
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Fig. 12. Methyl 4,4-Dimethyl-3-pivaloxypent-2-enoate. 
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[ HO=D (#3) 409) 


LOE. 


Orono (11S )Pinetre spectrum of 155 is supported by 
metastable peaks at 66 and 77, which correspond to 
Beamer ecabion Oren cn(199) to ion by ned on Jd 1 72) 
Lom on nh werespectively. Aj Similar fragmentation has 
been reported for some §-keto ester compounds in 
whch ions h andeg were wproduced as wel @siions 
analogous to d and e, 163 

A comparison of the spectra of the chloro-acetyl 
(Jo4), and chlore-enolester (141) compounds slurther 
illustrates ne diagnostic value of the above frag- 
mentation, when R (Scheme XXXVII) is a nucleoside. The 
spectrum Of 141 (Figuce 03) ‘Shows major peaks at m/e: 
DUGG) 922).(h) 9304 (basctpivalyieH; 10m 4)", 308 
(losseqi. baseihetrom-h Pion sje, 220 (base+2H, 10n 1), 


piCmlease re Pediceat 1/7 ce mC) goo (M857) (CH CCO)}; 


ae 
s4ASs(tbessugar fragments, M-216, ion’m), 361 (loss of" 84 
Crem etme Sugar fragment, gionem , 2 (a), and 12/ (f£). * 
bie lemerastaD le pedks COLves ponding tos = ooOS Sti ete 

DUB (Care datums 4, 60 Gelc) (tO Dae) (hj tac 45076445" (im) co 
Diode Oe, ec eee 2 acre Wa ECON SOG (ik) furtner 
BUPPOre Scheme -XXxAVII 9 dhe felnLorosacetyl compound (isd 
Figure 14) has, instead of the enolester ions, peaks 
he m/e: 460) (w= 22cp@ fio (1285), 1353 (loss of 102, 
(CH) ,CCO,H, from 460), Bij (sugarj}im) 248 (base+30, 


ion mas ana 220) (base12H ma mane). 2 NO peaks corre- 








* "Base" refers to the heterocyclic base of the nucleoside 


including any exocyclic amino substituent. 
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sponding to ions: h (354), eave bine mndtte cilzyije are 
present. There is a change of scale in the region of 
m/e 200 to 250 in these mass spectra, and the relative 
intensities of peaks which appear on both sides of the 
scale change are not always the same.o! Thereforel,)the 
spectra re high molecular weight compounds are 
presented in two parts, relative to two different mass 


spectral base peaks. 
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The peaks at m/e 127 and 211 were the first of! the 
enolester peaks to be associated with the possibility 
Of Such a& structures Whaleethe import of muchios the 
rest ot the spectra was unclear, it was noticed that 
these two peaks were present in each of the, at the 


eime; “Unknown” =compounds (141, 1509mrSi7 15574 and 








Lez out noc In the acetyl compound (134)... This led 





to the realization that m/e 127 would correspond to 
formal substitution jf a pivalyl (mass 85) for) a.proton 
of an acetyl fragment (mass 43, O5C-CH,), andethat: 271 
was consistent with another such substitution. Accurate 
WasepCelerminaclonssor lootgave tor m/e l27: measured: 


LevUnOa Ca LC atedmra meee O 


Jar eee 


Measured; 211.341 icalculated for Cc 


1L2720759eeGnd for 211: 
12749537 


These measurements support formulation of m/e 127 and 


2a Looe. 


ViiedemlOlseasandea ps Tes vecetvely, "Al CiOuUg ia clea OU0 
cerivatrves (150 andi 151) obviously Nave peaks7at m/e 
27 auée to iodine, a doublespeak feccurs at m/ejl127 in 
tNeseespectra, indicative of the presencesoiecwosions mac 
this nominal mass. 

While comparison of the spectra of i34™anmd 141 
shows some of the basic effects of the enolester group, 
examination of the mass spectra of the iodo-enolester 
compounds (150 and dil) and some of their derivatives 


illustrates some more subtle effects. The mass spectra 


of the l1odo-enolesters 4; [50;andyl5l, the deoxyrenolesters, 
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Fig. 20. 6-N-Pivalamido-9- (2-iodo-2-deoxy-5-0-pivalyl-8-D- 
arabinofuranosyl)purine (164). 
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154 and 182, and the iodo-hydroxy compounds, 161 and 
moet. areushownmine saguces) 1 5oton20.e0nly tthehendlester 
derivatives show significant peaks for ions c, h, 

Tj elon wast aloouvery Small an thesspectrum of 
ied es wolCche suggests chat the formation of lon 93) occurs 
Pymcrancter sore iiemenolester O-pivalyl= group to the 

Decem i preference to traneier of (the 5'-O-pivaly.. 
Unlike the chloro compounds 134 and 141, whose spectra 
were determined on mixtures of isomers, the spectra 
shown in Figures 15 to 20 are of isomerically pure materi- 
als and a-marked difference between the 2'- and 3'-isomers 
Gcanvnow be seen. “hus#ror 150. and [o4), ion “k (39or and 
COU ee OcCeLve ly yam Onmi-20 1s thes largest oeakvand 
tone (304) a5) atemost™ 60s of kK. This situation is 
Leversed Wita-the 2 =isomers 151 and 182, where either 
Wye Ue Omec ZUM Mwhich can be derived £rom)]) yare 
Pie fangest peaks, and@10n se le qulte smallos the 
Ove eG GLO sey, <yeand # eCanmDemLOUndmin=mctas table 
peaks. The iodo compounds show peaks corresponding 

EO ve Olds (i)teLoOes 5 5 Kk) eate2 36) 155 (M) and 698 (2) to 
C0454), ac 12225 vend 13225. tne deoxy derivatives 

show metastable peaks @cOrbpesponding ftom 77 2e5(C) eto 304 
(erate l627 30 451(5) Sto e2 2Z0NCl) pate ol yada as oh) 
tO5269 (hk); at 148. .The: factethat ion k is formed from 
igang sthiatei eels mores important ins che SA =2oOdOe Or 73 '= 


deoxy isomers suggests that the proton transferred to the 
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base may be from the remainder of the enolester frag- 


ment. Thiws: transfer shoul di ibe 


at -the»2\'-position. 
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Scheme. XXXVIII 
The@ icCrmaelon, On sO Bi, iron. cltheretleyparent enger 
DOU DesupDOrtS tiie plelerentlal involvement of ithe 
enolester pivalyl group. Apparently this transfer is 
more favorable with+the 3)-Osenollester (theg2.—10do 
or 2'-deoxy compound) than with the 2'-O-enolester. The 


fragmentation of this enolester function is therefore 


noc only characteristic, but is also indicative of its 
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position of attachment to the sugar. 

In the mass spectrum of the tubercidin 3'-iodo- 
ee-Ocenol lester derivative (Oi, Shi oure 2 lt) alli tragments 
which contain the heterocyclic base appear one mass 
unit lower than their adenosine counterparts because 
of the one unit mass difference between adenine and 4- 
eine -—pyrrolo[Z73-C pyrimidine. | Thus; ions ¢, gand 
arene can Gyo) ,eane, ors, Tecpectively. If) this Case 
tiewbergest peat wis Hehe sugar fragmenc (537, tengm) 
and loss of 84 from the sugar fragment is similarly 
Paege eWit Le etoic. | and Kk ale nowaquite, smalin| Al-= 
though the relative intensities of many of the peaks 
ete Vetere basLOlelnOsee ie tie: Spectrum OL Loy, the 
spectra are otherwise closely analogous. 

The nmr spectra (in DMSO-d¢, D0) of the adenosine 
anCwtUberCITOMm SOCOxyPOCE 1 Vauives 5), 1o7, 513, 68, 17/45 
aide swareesnown gnpPigures (22 Come ia.  inveach case 
the 5' and 5" protons for a 8 nucleoside (where the 
ScCaruou wis ClsyCOwshe base) give rise to a complex 
multiplet, while this signal appears as a Clean 


doublet (after DO exchange) for the a-nucleosides 


2 
(where tHe 5'-carbon is trans to the base). This is 
presumably the result of steric, 5'-O to base hydrogen 
bonding, and/or base anisotropy 5', 5" chemical 


shift difference effects on the 5'-position, which are 


eliminated when the base and hydroxymethyl groups 
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are trans. The spectra (Figures 28 and 29) of the 
adenosine and tubercidin 2',3'-dideoxy racemates 
obtained from hydrogenation of the corresponding furyl 
compounds (L357 and 03) also show the complex 

Daucemy LOr stnew7,>s-prorons. This andicated tthe 
exclusive cis! stereochemistry which twas confirmed by 

n° ,5'-cyclonucleoside formation. | In gaddition, fthe 

nmr spectrum of 2',3'-dideoxy adenosine obtained by 
hydrogenation of 2',3'-unsaturated adenosine (pe) is 
identical with that of the racemate. It is also 
interesting that with the 3'-deoxy compounds the 3' and 
3" protons are well separated in the a-L-threo (6%) 
ancwhio)i;mouceOnlyeshight ly jin the: @-D-erythro .(18 and 
i774) eiueleosides. | Nagpal and Horwitz had earlier 
noted only that~diftterentiation| between 187and 61 via 
nmr spectroscopy was not possible by examination of the 
resonance due, to, the 145° proton. 

Prclosee similarly fn wnessplitiingppattern Of the 
deoxy protons is seen with 2'- and 3'-deoxyadenosine 
(PrqureroO0).. ini fact, ethe Be AP ee) couplings are | 
almost identical. Apparently with both the base and the 
5'-Cacbon trans oO, the remaining wnycroxyl, the lp jye*, 
exo/endo ring puckering of each is exactly reversed with 
respect to the other. This does not hold for the 2'- 
déeoxyso-D CLG], Higure: 23) Sandee we oeosy ois (61 and 175, 


Bigumese25eand 2/7) compounds which exhibit quite different 
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patterns. In these examples the base and 5'-carbon 
eLesClss andecrans jo: trans and cis, jrespectively,-to the 
hydroxyl. As would be expected, the adenosine and 
tubercidin epimers) show very/Similar patterns for each B-D 
(le end 174, Figures 24 and 26)tand a-li pair (61 and 175, 
Figures 25 tnd 27)i. 

The nmr spectra of the 3',4'-unsaturated adenosine 
(156) and tubercidin Cl 3 )mecompounds:, (Figures 3) and 32), 
like their blocked counterparts, are analogous in the 
Sugar region, although in the tubercidin case the 2' 
and 3' protons are at least separated, if still unresolved. 
Conversely, 1',2'-unsaturated adenosine (159; Figure 33) 
gives very well resolved peaks showing 35 3 = en Dey 


Cr Oenr Za, = 5.0 Hz and hydroxyl couplings of 


ea beeA! oe 
6.0 Hz. Aitheugh many “of these couplings} can be 
determined directly, decoupling was used to confirm the 
couplings and assignments. The 2',3'-unsaturated com- 
pound (46, Figure 34) is also noteworthy for its sharply 
resolved, although complex signals. The complexity 
Lovune resulepor peachior sthe li 720 738; ana 4‘ -protons 
being coupled to the other. 

Mecca, has noted that mass spectra of free 
HUuc Le0sides haveja peak at M7300 Lom gcse sorithe 5 >- 
function as formaldehyde. Transfer of the 5'-hydroxyl 


proton to the base occurs and this M-30 peak was shown 


CO.Deac1gmimecant ouly whenguhe Seehydroxyl is cis to 
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the base. bu In this regard, the spectra of 2'-deoxy- 


B-D adenosine and its a-D anomer were discussed and 

the much smaller ’M=30 peak of the a anomer noted. 
Similarly, Nagpal and Horwitz showed that the 4' epimer 
@@es —deoxyaccnosine lacked’ this M-30 peak and have 
published the mass spectrum of Bleue The spectra 
obtained in the present case were identical with those 
reported by McCloskey and by Horwitz and are therefore 
not reproduced here. The spectra of the 4' epimers 

of 3'-deoxytubercidin are shown (Figures 35 and 36) 

anda the Me peak@in place Of the M-30 peak in the 
Spectra Of he so-Lacompound (1/5, Figure ,;36) is analogous 
fo the spectrum of the corresponding adenosine deriva- 
Eye (6. Pema Ccemicuadenosi nes 20 oli deoxy compound 
(Figure 37) has a mass spectrum identical with the 
Spectrum or/the known B-D-dadeoxyadenosine reported by 
McCloskey! °4 as well as material obtained in the 

present case from hydrogenation of 2',3'-unsaturated 
adenosine. °+ Them slec Lire omr elie racen C22) 1,4. — 

dideoxy tubercidin compound (Figure 38) was completely 
analogous. 

The parent peak for the blocked 1',2'=-unsaturated 
adenosine derivative (166) was very small, and for the 
free nucleoside was not observable. Loss of H50 to 
give the corresponding furyl derivative predominates 


with these compounds. Thus, the spectra of 166 and the 
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POD Blea e.My leed i LgUeS 39 anda 0) are nearly 
identical, although the former shows peaks for base 
Peo, base +h pandepase + 20 which arewgnot present in 
ehemopec trum of lo3.7 «However, the free nucleoside 
Javeson bys tnesspectrum Of the gpuryl derivative (157). 
The mass spectrum of the parent structure in this case 
could only be obtained by per-trimethylsilylation and 
Lee snow in Figurel4l. 

The blocked 3',4'-unsaturated compounds (152 and 


Hiegpaleo gave Onlyetie mass spectra of their, furyl 
Cera ap ecw Skane Oo), Mowever ,in tiie ease ihe 
mass spectrum of the free nucleoside did show the parent 
structure, although dehydration to the furyl compound was 
still a major process. Figures 42 and 43 show the mass 


spectra of 3',4'-unsaturated adenosine (156) and the 


Purvi derivative (157) for comparison. 
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Me GENERAL PROCEDURES 


Melting points were determined on a Reichert 
microstage apparatus and are uncorrected. Nuclear 
Magnetic resonance spectra (nmr) were recorded on 
Varian A-60 and HA-100 instruments with TMS as 
reference. Ultraviolet (uv) spectra were recorded 
on Cary 14 or 15 spectrophotometers by 9:1 dilution 
of a methanolic stock solution with the specified 
solvent. Optical rotations were measured on a 
Perkin-Elmer Model 141 polarimeter using a 10 cm, 

k m1 microcell. Mass spectra were obtained by the 
Mass Spectroscopy Laboratory at The: University of 
Alberta on AEI MS-2, MS-9, or MS-12 instruments via 
direct probe sample introduction at 70 eV and 150 

to 230°. Elemental analyses were determined by the 
microanalytical laboratory of this department or by 
Schwarzkopf Microanalytical Laboratory, Woodside, New 
York. Thin layer chromatography (tlc) was performed 
on Eastman Chromatogram sheets (silica gel No. 13181, 
indicator No. 6060) in the solvent systems indicated. 
Developed chromatograms were evaluated under uv 

(2537 A) light. Evaporations were carried out using 
a Buchler rotating evaporator with a Dry Ice cooled 


Dewar condensor under aspirator or oil pump vacuum, 
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at 40° or less. Hydrogenations were effected using a 
Parr shaking apparatus at room temperature, under the 
specified hydrogen pressure with Matheson, Coleman 
and Bell 5 or 10% palladium on carbon as catalyst. 

Silica gel column chromatography was performed 
eneMaltanckrodt SitrcAR"CC-7/"or J.T! Baker No. 3405 
Silica gel. -Unless "Baker" is specified "Silica gel" 
“eters LoOethe MalVinekrodt' Ce-7 adsorbent. Carbon 
chromatography was effected on Barnebey-Cheney AU-4 
Garbon which was “refluxed with 1 N HCl for several 
hours, washed with water and refluxed with 1 N NaOH. 

The carbon was then washed with water until the 

Pi Crateewas neutral, tollowed! by methanol, chloroform, 
and methylene chloride, and allowed to air dry. 

"Ether" refers to Mallinckrodt diethyl ether in all 
cases. Pyridine was refluxed over and then distilled 
from calcium hydride and stored over Linde 4A molecular 
Srevesmiurredeat 200° =. sSodium wodide was dried in 

the presence of phosphorous pentoxide at room temperature 
Une erent viacuulmetoneatl least twenty-four hours. 

Pivlayl chloride was distilled before use. 

"Diffusion crystallization" was effected using 
ether/pentane for blocked intermediates and methanol/ether 
for the final products. A concentrated solution of the 
nucleoside (with the final products warming was necessary) 


in the first mentioned solvent contained in a beaker or 
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small wide mouth erlenmeyer flask was placed in a desic- 
cator containing a large volume of the second solvent, in 
whichathe matenialjis insoluble. Crystallization’ was 
allowed to proceed at room temperature for from two to 
five days and the crystals were then collected, without 
cooling. In no case was it necessary to collect more 
Ghamriwo tcrops swith: the .first, crop generally, giving ca. 
90% of the material obtained. 

Adenosine was purchased from Raylo Chemicals Ltd., 
Edmonton, Alberta and tubercidin from the Upjohn Company, 


Kalamazoo, Michigan. 
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BY SYNTHESES 


Reaction Otc, -O=methoxvethylidineadencsine (131) 


A 








with sodium iodide and pivalyl chloride in pyridine. To 


a solution of 646 mg (0.002 mole) of 131 in 40 ml of 
pyridine was added 6 g (0.04 mole) of NaI. The vigorously 
stirred solution was heated to reflux and 2.4 ml 

(0.02 mole) of pivalyl chloride was added. The reaction 
was Stirred at reflux for 4 minutes, allowed to cool 

for 20 minutes and 10 ml of methanol was added. The 
Pedesolulion wasestrrred efor cas *3*hours and’ poured into 
POVenIAOL an faqueous solution containing 5” gor NaHCO, 
andVoes =qeort Na,S503. The resulting yellow solution was 
extracted swith’ lLo0'ml -of diethyl ether.) ThisVether phase 
was washed with three 15 ml portions of water. The 

main aqueous layer and the first wash were combined and 
extracted with a second 100 ml portion of ether. 

This second ether layer was washed with the second and 
third aqueous washes from above and a fresh 15 ml portion 
of water. The combined ether phase was evaporated to 
give a gum which upon successive coevaporations using 
toluene dnd 98% ethanol gave 1.38 g of a yellow-brown 

sol Basidams Sis material was dissolved in ethyl 

acetate mand applied ‘Co a carbon column 4(40% £292 "x 28 cm) 
packed in ethyl acetate. The column was eluted with 


1600 ml of ethyl acetate followed by 500 ml of ethyl 
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acetate: Gntarorerms (hil). /oFnaéctions cemprising 200 ml 
toel300 ml Sofseliiate syielded“932tmg of a mixture of 
a5 0 fandi 1527 .thosewirom L300 mi vto 1600 ml vyielded 
Alangeertaimi xture -ofel5 0 wand .[51 and -those' fromuledd ml 
to, 2000 ml yielded 217 mg of 151. Rechromatography 

ob theas/ mMolon. lo Omand .u5ifonta tsmall ccarbon fcolumi 
(d%g, 8050 Bigcem) wsang 140 miof Jethy1 Cacetate 
foblowed by 360 ml of ethyl acetate:chloroform 1:1 for 
elutiom gave upet rom 140 misto 5140 tml), Sai. mgkof150), 

and from 140 nl owes0 Omit) rez OrmGg.of el Wa erihe. total 

i erdiome! 2 boa pavalamido-9- (2 Vvodo72=deoxy>5-0- 
Pivalyl}3-Os(474-damethy1l=s=pivalioxypent—2-enoyl)|-8~D- 
arabinofuranosyl) purine] is thus 246 mg (16%). An 
analyticalysample of 915) was obtained by percolation of 
this materialb~ain chloroform through asmall silica 
column followed by "crystallization" from ether:pentane 
which gave an amorphous solid, m.p. 95-97°; uv (MeOH) 
mMasteciecee Zismm Ge Woe, 600) 20371 00)oimine 2 432 nim 689,700) , 
(OP) lmtN aie OF )ar2eis32.9 58 26) nme ei sl 79.00 799305,600).< min 
AAO Cea 10.0,0:) ga 00L A NAHCL O12 S2h;he2 InStarimin(e A677 00; 
Seen) rine 439) mine oa t7 200Ne. nie (CDC1l., TMS internal) 
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Miewmixcure Orel 50 and 152, 953 mg, was dissolved in 
5 ml of diethyl ether and crystallized with diffusion 
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The yields in this reaction varied with the 
reaction time, as shown in Figure 3. In each case the 
quantities and procedures followed were those 
described above for a four minute reaction. The yields 
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CASSC tive mec COMM) je can On min), ance Loa (10 rms 
Pome ciemiiiitetalmeny Sta lbine yyield yore oO {ine thercame 
sequence); 41%, 44%, 38%, 31%, and 29%, fon, thevtotal 
Wietdrotml 505 463,0 46%,-452,,405 andes / ¢,eandetorglogs 
2,43, 42% 8.8%, L3%\ and 16%. 
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Reaction of 2',3'-O-methoxyethylidineadenosine (131) 
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Spe) aa eos g (0.01 MOV Mo ceo ite LOC Or pyr ioine heated 
in an O11 bath at 50° was added 12 ml (0.1 mole) of 
Dival/lecolonide.mentter stirring at 50°=for 66 hours 

the reaction was poured into 300 ml of a saturated NaHCO, 
solution and extracted with 200 ml of ether. The ether 
layer was washed with three 50 ml portions of water. 

The main aqueous layer and the first wash were combined 
and extracted with a second 200 ml portion of ether. 

This ether layer was washed with the second and third 
aqueous washes from above and a fresh 50 ml portion of 
water. The combined ether phase was evaporated to a 
yellow gum which upon successive coevaporations using 
toluene and 98% ethanol gave a solid foam. Addition of 
50 ml of ether resulted in the separation of lol7 g 
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The mother liquors from the crystallization of 
Joos WeGe jovelora ted to give 5.55. Of a yellow solid 
foam. A1.0g sample of this material was dissolved in 
emner wand. applied to a silica column -(50.g, 2.0 x 44 cm) 
packed in ether and eluted with: 300 ml of ether; 700 
MeO res > cee chanel inv ecners and 500 mi of 5% methanol in 
eLpct we bron tne rracttons COnmprising 200° to 350 ml, 
Peseicee lO) Orla bewassObtained; «from 5505tO 650 mi, 
335mg (42)eqof 132 was obtained; from 650 to 850 m1,168 
mg (ie) Olona, Ronieninat ad with some iS2, Was Obtained, 
PEO PoUmcom TOON sl a2amou (142) Orel so was obtained, 
EObmaeCOCdmey tel Ot 262 "Ole 3G eines 32,134 sand had 
obtained were shown to be identical to known samples by 
comparison of their nmr and mass spectra, and by identical 
mMigratiom on tlc (silica, 3% methanol invether). 
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In pyEaditnean Abl.09) gi{0.0024mole}hsample.of'L38 was 
reacted with 6g (0.04 mole) of NaI and 2.4 ml (0.02 mole) 
of pivalyl chloride in 40 ml of pyridine and the reaction 
mixture purified identically as described above for 
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welernmia | paloe mg Thos) pao, 543mg W502) eels27a255 mg 
(15%). Bach was found to be identical to an authentic 
sample by nmr, tlc (Silica, ether, developed four times), 
andssOnelolG@and W52ythermedting point and mixed melting 


point comparison. 
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of 80% acetic acid and the solution stirred in an 

oil bath at 80° for 24 hours. The solution was then 
mre red to dryness and the dark residue triturated 
with ether and filtered. The ether filtrate was 
evaporated and gave 300 mg of a brown solid foam, uv 
max (MeOH) 259 nm; nmr (CDC1.,,TMS internal) 6 1.15 
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eCurOt Veco (Umoea mole) OF” Lod anvoemd or pyridine 

was added 0.033 ml (0.0008 mole) of methanol and 0.5 ml 
(0.004 mole) of pivalyl chlioride. The solution was 

rerruxedc™’ tor 2° noure’,” allowed toa cool and’ Ss? ml of 

methanol added. The product, 0.23 g was isolated by 

extraction as described above for the preparation of 
38. Tle (silica, ether), nmr and mass spectral 


analysis showed only unreacted 134. 


Reaction of 134 with pivalyl chloride and sodium 


foc (ewe TO arsOlUL@on of Ul g7(0.0004, mole) Of 184 and 


Powe 0.006 TOLe) sot Sodium: 10010e in -5 ml Of pyridine 
heated at reflux was added 0.033 ml (0.0008 mole) of 
methanolcand 0-5 ml (0.004 mole) of pivalyl chloride. 

The solution was refluxed for five minutes, allowed to 
GOOlmand  5emieor methanol wadded. The product, 0.2 g, was 
isolated by extraction as described above for the 
PlreparactonueonsloOeand lol.) tice (silica, ether) > nme 


and mass spectral analysis showed only unreacted 134. 
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non-polar material obtained from large scale preparations 
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Laboratory,” was dissolved in 10 ml of 3% methanol in 


chloroform and applied to a 600 g column of J. T. Baker 
Silica gel. The column was packed in and eluted with 33 
methanol in chloroform at a fast flow rate and contained 
im’ fractions 1500-3200 m1, 1.31 gq of an unidentified 
mixture, 3200-3700 mi,'3-97 g of mainly one isomer 

oF 248, 93700-3900 ml, 1.250 g of a mixture of isomers 

Of 146783 900-5100 aml, 3.533 to Of mainly tthe more 

polar asomer of 148... The, 3.97. g fractionoh the 

more non-polar isomer was crystallized from ether 
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The more polar isomer (3.33 g) was crystallized from 


acetone, jto,.give,...95 g.of zhe ,~pure «usomer , m.p. gl BA=5°%; 
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Thei mother™ligqguors from the crystallization of both 
isomers and the material from the overlapping fractions 
were combined and evaporated. The residue was dissolved 
in chloroform and precipitated by dropwise addition 
Hor penbanesitougqivemarten fi ltratione3.0 goo€) adz2 22 
mixture (by nmr) of the more non-polar to polar isomer. 


Reactlonwon Pasian valseich loride: @ALredoumi. 02 g 


(0.0025 mole) of 148 (mixed isomers) mT eoO em OL pyr Tone 
was added 3.0 ml (0.025 mole) of pivalyl chloride and 

the solutron heated “at reflux for two hours. After 
coolimg, the mixture was poured “into L100 ml of a 10% 
solution of NaHCO,, stirred for 5 minutes and extracted 
with 100 ml of ether. This ether layer was washed with 
two 50 ml portions of water and the extraction and 
washing was repeated with a second 100 ml portion of 
ether. The ether layers were combined and evaporated 

and the residue coevaporated using toluene and 98% ethanol 
BOC en la sie a sO lid boone Coy sta bi izatloneotethas 
iat Gita ron et iets da Ve 3 oem a (262) Ob 138 eager i tec ion 
SEothe mother iquors on. a eilica geleco umn (old. 

2.2 x 32 cm) packed in and eluted with ether contained, 

in fractions comprising 200 Co 400%ml = 200.mg. (ies) Or 
aly, identified by tle (silica, ether) nmr and mass 
Spectral comparison. The tracctions, trom 400 to 580 ml 


contained 50 mg of a mixture of 141 and 149 and from 
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a20, Coml00jml] ycontained 470.mq. (33%) of 149, adentified 
by comparison of nmr and mass spectra with 148 and by con- 
version to 148 on treatment with sodium methoxide. 

Bexuaty Opel 2eciyn( 050.003. .mole) sample ot.148, in /.5-ml,of 
Dil dine was streatlediwithr.d..35 g.a( 0.003, mole)y of spavalyi. 
Ghar ide homes ive, hours at.reflux. 96 Aftem cooling,».. ml 
of methanol was added and the solution stirred overnight. 
Tsolation of the product was carried out by extraction 
as. described above. and, gave 170 mg of a solid foam. Tlc 
(silica, ether) showed this material to be a mixture of 


Daawanciels® dni an approximate ratio of 133°. 


Reaction of 148 with pivalyl chloride and sodium 


Oddie we Owe ie gq ets J002o. mole) OL lp eand 0275 g- 10.005 


mole) of sodium iodide in 10 ml of refluxing pyridine was 
S2cecdsl0- oem U.002> mole) Of pivalyie chioride, “Heating 
was continued for six minutes, the reaction allowed to 
cool and 5 ml of methanol added. After stirring overnight 
the products, 188 mg, were isolated. by extraction asin 
Lneppleparacion Of 150 and 151 saboves lice (eilicajwether) 
showed thispmateriaal, to a mixtures,ot, Ca. 950 220f A0eand 
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Reaction of 138 with sodium methoxide in methanol. TO 





193 mg (0.00035 mole) of 138 dissolved in 5 ml of methanol 
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was added 200 mg of sodium methoxide and the mixture 
stirred overnight. A separate experiment on a smail 
sample showed that reaction is complete after only ca. 
four hours at room temperature. The reaction mixture was 
evaporated, the residue dissolved in 10 ml of water and 
Chess O ution was extracted with 25 ml ot methylene 
chloride. Evaporation of the methylene chloride layer 
gave a gum which was triturated with ether and filtered. 
The residue, 40 mg, was found to be identical with 148 
Bye tlc (s! 1Cay of Methanol in ether) and nmr spectral 
comparison. 
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dimethyi -3o-pivaloxypent=2—enoy ||>b-D-glycero=pent—3— 
enoruhanosyL) purines (1>2)cea oe /Saqgh 0. 005smote) of 150 


and 4.17 g (0.025 mole) of silver acetate were dissolved 
in 150 ml of pyridine and stirred in a water bath at 

Poet OG Ca. l/elOUrS. ws lie Lesulting darkesolution was 
poured into 300 ml of 5% NaHCO 3. The mixture containing 
precipitated silver salts was extracted with three 200 ml 
portions of ether; each was washed with a 50 ml portion 

of water. The ether extracts were combined and evaporated 
and the residue coevaporated using toluene and then 98% 
ethanol. The residue was then dissolved in chloroform 

and filteréd=through celite to give, after evaporation, a 


QtanGitative yietd~or 152)as a white solid foam, pure 
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Det ic Brae ether, developed four times). This 
material was crystallized from 10 ml of ether using pentane 
CLECusion sto sdiver2o.o4 0g (84%) of pure 152).m.p, 126-129 %; 
Use MeOH maxes ahi, eee cm (e.2.0,,000.+ 24.1, 300) amin 243. nm 

heer 1000), (0 ale NeNaOH ) emax 278 5nm (e o11..900).mine245 nm 
feo po) G0 ea GC lema ry 797 2) 1 anm ote oO 100; 44,400) 
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Pianos y!) purine (155). To /5o5)mo.(0.00l) mole) of 


150, 420 mg_ (0.005 mole) of NaHCO, ehelele PAs 0) piiles Tepe esl 
Pd/C was added 10 ml of water and 50 ml of 95% ethanol. 
The mixture was then hydrogenated at 50 psi for 2 hours. 
The reaction mixture was filtered through a celite 

pad and the catalyst washed with 50 ml of 95% ethanol 


and 50 mleof chilorororm. ,Atter evaporation of ‘the 
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colorless filtrate, the residue was partitioned between 
200 ml of ether and 20 ml of water. The ether layer 
was washed with a second 20 ml portion of water and 
evaporated to give 629 mg (quantitative yield) of 155 


as a white solid foam. A crystalline sample of 155 





was obtained with difficulty from ethanol/water, 
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3'-Deoxyadenosine 18. Method A. A 629 mg (0.001 


mole) sample of 155 (the solid’ foam from a 0.001 mole 
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148, 


reduction ‘of 150 as’ described above) was dissolved in 

100 ml of methanol:triethylamine:water (45:10:45) and 
stirred at room temperature for 2 days. Evaporation of 
EnewesoButron to tdryness rand crystallization vot the 
residue from ca. 20 ml of methanol (with ether 
GHEPUSsiOnW)iMqavema Wlirst @crop iofelssimg of 18. @tAWwsecond 
crop of 40 mg of 18 was similarly obtained from 5 ml 

of CH,0H forrattotal yieldcosh V225 imga(90 t)oficrystalline 
18, m.p. 227-230°; [ale -46.2° (c 0.49, H,0)}; uv (MeOH) 
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Method-B. A629 mig (O0.001 mole) Sample of 155 
(the foam from a 0.001 mole reduction of 150) was 
dissolved in 100 ml of absolute ethanol containing ca. 


170 mg of sodium (already dissolved). After 18 hours 
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149. 


the solution was neutralized with acetic acid and 
evaporated to dryness. The white residue was partitioned 
between 100 mleof pentane and. 100 ml of water. «The 
aqueous layer was evaporated to a small volume and 
applied to a column of Dowex 1-x2 (OH ) resin (1.3 x 

40 cm) packed in water and eluted with 50 ml of water 
followed by 350 ml of 30% methanol in water. The 
fractions comprising 100 to 400 ml gave 251 mg (quantita- 
tive) of,.18., Crystallization, from methanol, (with 

ether Sie on GavVesageincstecnropsyyicld eryitper 214 mg 
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acdede OSM sor Water wang 50 mL Of 95s ethanol. “The 
mixture was then hydrogenated at.50 psi for 2 hours. 

The reaction mixture was filtered through a celite pad 
and the catalyst washed with 50 ml of 95%, ethanol and 

50 ml offchloroform. After evaporation of the colorless 
filtrate, the residue was partitioned between 80 ml of 
Chloroform and 20 ml of water. Evaporation Of thes cn loro 
form finite. gave a white solid foam which was dissolved 
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Poa occurred After filtration the volume of the mother 


liquors was reduced to 5 ml and an additional 74 mg of 
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was added 200 ml of methanol:triethylamine:water (45:10: 
45). After stirring for 2 days at room temperature the 
reaction was evaporated to a gum which was crystallized 
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(0.025 mole) of KMnO, Tes L Ore py racer anc @2 5 mMlsor 
Water Starred in’ an ice bath at 2° was added 3.78 ¢ (0.005 
mole) Of TLS Q. Stirring was continued at 2° for two hours 
and 100 ml of 95% ethanol was then added. — paeeignalt 
additional 18 hours in the cold, the reaction was filtered 
through celite and the residue washed with ca. 200 ml 

of 95% ethanol. The filtrate was then evaporated toa 
yellow gum. This gum was dissolved in 500 ml of ether 

and washed with a 50 ml portion of 5% NaHCO, solution and 
then two 50 ml portions of water. The ether phase was 
evaporated to a gum which was coevaporated successively 
using toluene and then 98% ethanol to give a white solid 
foam in quantitative yield. This material was dis- 
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crystallized. The mother liquors were evaporated, dis- 
solved in 5 ml of ether, and placed in a desiccator 
contalning pentane where “another 0.269q or Tolvcrystallized 
ROvera cola crystalline yield of 28 tar 8629',Am.p. 
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100 ml of 5% NaHCO, and the solution was extracted with 
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150 ml of ether. The ether layer was washed with two 


25ymnL“ portions of water and evaporated to give 605 mg 
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(97%) of 162 as a yellow foam; uv (MeOH) max 271 nm, 
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Poe eG Pel yi aiIme,srcOO led Mil ran ace batil, was 
added 1 ml (0.013 mole) of mesyl chloride and. stirring 
in the ice bath was continued for two hours. The re- 
@Gtion was then poured into an ice coldesolution of 

Jom eOLeWwateracontaining 2.6 Gg {0.045 mole) of NaOH and 
1.5 g (0.010 mole) of Nal. “The reaction was removed 
from the cold after one hour and stirred ror 16 hours 

at room temperature. The solution was then evaporated 
to dryness, dissolved in water, and applied in a volume 
GL ca, 2oeml to a column of Dowex I x» 2 (OH™) resin 

(3 x 83 cm). The colum was eluted with 600 ml of water 
followed by 200 ml of 10%, 200 ml of 20% and 900 ml of 
30% methanol in water. The fractions from 200 to 550 ml 
were strongly basic. 414 mg (89%) of 46 was obtained 

on evaporation of the fractions from 900 to 1900 ml. 
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(with ether diffusion) gave a first crop of 340 mg of 
46 as large prisms. A second crop of 40 mg was similarly 
obtained from 5 ml of methanol for a total crystalline 
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dissolved in 20 ml of methanol was added 0.5 g of 

NaOCH 3. The reaction was stirred at room temperature 
overnight, evaporated to dryness, dissolved in 100 ml of 
water/25 ml of 95% ethanol, and filtered through celite. 
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(0;..0,.0.1 “mol 2), o& 156), “250, mg..of 102) Ba/C 2 25) ml, of water and 
25 ml of 95% ethanol was hydrogenated at 10 psi for two 
hours. The mixture was then filtered through a celite pad, 
the catalyst washed with 30 ml of 95% ethanol, and the fil- 
trate evaporated to give 240 mg of a white powder. This 
powder was dissolved in 30% methanol in water and applied 
to a column of Dowex 1-x2. (OH ) resin (2.4 x 95 cm), 
packed and eluted with 30% methanol in water. The 
fractBons  £romS2300~to 13000 Yml SGontained <13 3 %gy (533) *6£ 
18. . Crystallization.of this material from methanol 
(with ether “‘diffusion) gave a first crop of 104 mg 
ela ae pete am Care Lin H,0), identical with a known sample 
ae aDOve MOY eiinieand tlc salica,, LO gemetnanol.in etner). 
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6SN-Pivalamtdo-9—(5-pivaloxymethyl—-2—furanyl) purine 


(153) ... Ai 62,4. mage (0,.001 mole) sample of 152.was. heated 


inwane onl’ bath@at WS0°r for three? mintitess<* After, cooluing 
the residue was dissolved in chloroform and evaporated to 
a gum. The gum was dissolved in 10 ml of ether from 
Wiehe ail rstecrop! Of8 289 mg, (73%) Mo fi i> SVrapidly 
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ausecond’crop Of 15)mgtiton ai total crystal line* yieldlor 
BO 48mg e622 )%* m. p. = 14151432: tive (MeOH) max 261%) 212. nm 

Cer 267200; “187, 900) “min'22 nm We “E4e, 400) 4 4(0% 1? NeNacH) 
mace 292" 2809 Tine eCer 13540091 847/00)) she 248 nm (c- 14,900) 
min) 273m Serta, 4005%, (OLneNIHCl) max s/.6749 207, nm 

(25s, 4000215, 900,) Sh 255 mm 144/ $800)8mam 228 nm 

(GS ALU EKO R ES aakiine (CDC1l., TMS internal) so sl. LOR Ss72 9 57 
1.40 (s, 9, 6-NHCOC[CH Bst0'sinG , U2) 


OCOC [CH] 3), 313), 


H Peo woe | Oey ys]. = 4. HZ, Lop Hi Geel Le Aden dh, 
15 ) ( 2 = ’ ' 31) (d, ok 3 * 


5 
A HZ, ule; Hoi), Ogtde (Sy ole Hg), 8a Dip e(br, ly oO oNH- 


Divaly Li momo lens, Lb, H>). 


ved 



















t 


MMOs "CS vagll .S_,8t Beis se. 
' ic ea :*8< gh. ere 
ey Le: erie ee *™ +g ino ct ge wR Iaehes: 
OF -B a (od yi ye) Chet 1M Oe OP OS+5 pel a hapa 
we ((Ou8 ,250 3)  SSe= Sue . POPROGST) » os (EHo el ea) 
Diba (ft 9) mm Og» (HIS 6 20) acm 
fm.4f8.2 sh 108.18 49 2 ¢ Ogg ply oD 103 -bofsd “ae ra5 i 
-CO.8S ,4 :TS.2 8 ¢80.0Tk .> abavol ~ 68.78 


ont ing (lyns7u3-S—fyAsonvkodeuaaee y= e-obinsfevid-M~d pil 


— — ——s — ne een ram ase ili 





_ botnet 2ew 82s 35 atémee! elo BOUL po Se A. (22D) 


priloom 26334 .esteacim oouds 20 208 36 dted Ito emt 
o3 havstodsevs Dive srotordisdo al bevlossts esw subLaox ont 
noml usfize Yo im-Ol mi boviieselb eew mup tt sie a 
Vibines E21 to - (BEC): oar ee 20 ‘qouo Dewlt "s ‘doldw- 
SVD atoupii terntom sid Zo noksaesisonned .besi Lisgayxo 
10 Hleiy ontilsgeyio Lagos s +08 pm €f 30 gore Sagoes 6 
mi SiS ;La8 xem (OM) vo PESPERS «Tein » (#989) par bOE 
(HOsh 4 FL0) , (008, BL 3) a BES ptm (00e,8I 100S,a8 3) 
(OO RL 2) wr BSS de {OO SL VOOR EF 5) am oes Ses xsai . 
| ma VOS {OCS wom (450. £,0). 000, Si aj met fe aim ‘. 
ma 88S mim (008,01 3) ma Ges Me (Ooe, £6 (008,28. ay is 
| “he y@ ce OLE 2 Na caats tar , on am (002, £23) 


Pca ret Pep a 
He Ns ae oa ite 





peal sees 








si 


ney 


Aral. "Ca, CCnmroles ero om feo ole 


20 255-4 
We OSs Bonde etanesosd2 ten giggenye T7rEe 


6-Amino-9- (5-hydroxymethyl1-2-furanyl) purine (157). 


Tom omnes (0. 002emnore) ore Soe dlesolved ins 20 am) or 
methanol was added 250 mg of NaOCH,. The mixture was 
stirred at room temperature for 17 hours and evaporated 
to dryness. The residue was triturated with 25 ml of 
water and filtered. The filter cake was washed with 
water until the filtrate was neutral (ca. 15-ml1) and then 
Wichemel hong wand, ernerste give 432 mg s(923) of [5/Pas 
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50 ml of 95% ethanol was hydrogenated at 10 psi for 

one hour. The mixture was then filtered through celite, 
and the catalyst was washed with 10 ml of water, 25 ml 

of ethanol and 50 ml lof chioroform. | After evaporation 

of the filtrate, the residue was partitioned between 

10 ml of water and 50 ml of chloroform. The water layer 
Wasmextrackedewitietwou>0uml portions of chloroform 

and the combined chloroform layers were washed with 25 ml 
of water and evaporated to give 580 mg of a white solid 
foam. This material was dissolved in chloroform and 

Ser TeomLOmaecOlLUMheOrmse lt Cagagels (2500702. 2 xL2e 5 cm) 
packed in and eluted with chloroform. Evaporation of 

the fractions Exons s0eto Sis omlegave 490 mg B(82%3) Of 

pure 168 as a white foam. Crystallization was effected 
uSing ethanol/water giving a first crop of 260 mg, of 
Pocem =p. 109-1112; uy (MeOH) max 262; 210 nm (e 26,400; 
22, 000)Smine228enm (6 13,500), (0. lL yNe NaOH) max 286; 229 
Diels eile OOO esha e oem es (ol 200) mane o nm | 
(e 13,500), (0.1 N HCl) max 277; 218 nm (e 29,500; 26,400) 
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mg (0.0005 mole) sample of 168 was dissolved in 100 ml 

of methanol:triethylamine:water (45:10:45) and stirred 

ac room temperature for two days. The solution was 

then evaporated to dryness and the residue crystallized 
PrLOMevOaML Or methanOleto give a tirst crop Of 95 ing 

(0 GOL Loo M.D 230-259 ;.UV (MeOH) max) 24senm (e€ 23,000) 
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Nace Slit (emeo,OVU eit 2 1) nme ec 9 900)7, (0... N NaOH) 


Maxecolenm Cee 2 200). nin (DMSO-d_, 


(S73, Cii,ky 6-29 (m, 1; Hl), 6857 (d, 3 4, .,> 3 Hz, 


Bro 2s yuna, Ho), So Sy 


TMS anternal) 6 2.35 


do Hows LARS? 2, 6-NH,), 
I; Hg). [reported’ ie. 200-235) 5 Uv) Max XMeOn) 249 nm 
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B2. 55a Found:  C, 56.03; H, 4.3/7; N, 3243. 
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Lois 2D2—mo (0. 003 .mole). of Naito A60 mg 10% Pd/C, 10 


3° 
ml of water and 40 ml of methanol was hydrogenated at 60 
psi for 30 hours. The mixture was then filtered through 
celite, and the catalyst washed with 50 ml of methanol. 


The filtrate was evaporated to dryness, dissolved in water 


and applied to a column of Dowex 1- K 2 (OH ) resin 























Geis . open wh bxtatZ 


im OOF “at heaviest rs: pe ome me 

howise eee” ‘Of vesy ‘cabeiaayeeee 

miami ott -lveb ews 30% pwieveqmed moos SB 

sil ieteyzo subizss sid Bae Zpenryxb of badevoqsve nedd 

' Qn 20°36 gerd sexeY gs obies ot Lonsdtem io “Yn ‘OL mowt 
(000,c8 4) mt SAS xm (Oem) oD POES-8ES Tqlm BE So (eee) 
(ret % £28) , ea fk x nis ats nvten (Ook, t 3) mn 08S da 
‘(Raek w 1.0) , (0008 3) ma CIS nin (900,96 3) ma I@S xem 
2c.S 8 (tenkeadd Sar ,,b-O8Ma) sua; (OOS, £8 3) ma 12S Rem 
sl @°* pats t , 6) c2:4 iC eh ,f ,;m) 28.9 yf gH t ye) 
e) SE.8 \(.8 .t 8) IST8 Sie VE 8) Dee GH i 
(gt ed 
- 1 (008, Os) 

fs tEe [H 718.28 (> HORMgH DT dot URGrey Tee 

. -£b.SE (wm yVE.B 8 ¥O0l88 (> sSnpow 9 VBekee 


an © (ROeM) xe vir 2° TEC-sEe qa 18, es20qa3] 


Ps k - »" oe 
-{ (yaonn tot wang agay ee ~8~yxoebith-€ , $)-e-onimA-3 - 


——_ - stn beeen eee) ieee ee 





5 - z aie == ¢ — - 
io (elém 100.0) pm TES Yo sta i A .te 5 pe DS) snizog 


OL NBT #01 pm Nab ODE to (alow £00,0) pm. S&S, et 
08 J5 hedsengpoxdyd . caw sogsdzem te back OF, Dati Pith a 
2 ae 48 . 

Tonton caer tegpitenya wee ‘ pp % ae 7 


; oe ae" oa Paget “ 





pr Abe 


(1.3 x 37 cm) packed in water. The column was eluted with 
70 ml of water followed by 120 ml of 30% methanol in 

Water land t500 cml io .0. I M NH,HCO3. The fractions 
comprising 20 to 50 ml were strongly basic, those from 

70 ‘to 150 ml gave 149 mg (64%) of 20 and 169 and those 
from 530 ml to 690 ml contained 18 mg (by uv) of adenine. 
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(0.005 mole )sot KMn0 , ij=-lLOamlsofspynidinesandeaSpm)uof 
water stirred in an ice bath at 2° was added 755 mg 
(Wall emOle)eOLe lots otirting Was COntanued at 2° Lor 
two hours and 20 ml of 95% ethanol was then added. 

Pecer an additional u6shours in ther cold; the reaction 
was filtered through celite, and the residue was washed 
With ca. 50 ml of 95% ethanol. The filtrate was evap- 
orated to a yellow gum. This gum was dissolved in 100 
miDOL ethyl acetate and’ washed with 10 ml of 5% NaHCO, 
followed by two 10 ml portions of water. The ethyl 
acetate layer was evaporated to a digs powder, and then 
was triturated with ether and filtered to give 410 mg (75%) 
Ot 164. Recrystallization of a sample of this material 
from methanol gave 164 aso a nydrate, mM, 0. 2b6—-21 72 dec; 
CverUMeOuvemax- 2/272 llenm (ae Lie 4007 197-000)" min 231 nm 
Gemoo 0) €0- EON Na@H)y280-300; 215 nm (e 107600); 67.200) 
Mee s4enmeoeo00), XO .EeNTHCL) «262599213 nm te 13,900; 


Wane OO menriives: Jomnm Iona l00)is nmr iCDEL UMS incerna.) 


37 
SMCS pe, 5'-OCOC [CH3]3), ibevewls (ein Sk 6-NHCOC[CH3]3), 


_- —_— 


eo Den eo Haws A, ASEAN, 27 Hes su) y 
AN oa (TW, 2, Ur, Hai), Gel Ome My eee ue Neo wrt mC 
Shier = esiah aA NG Hyads Shevekere 10575 Mor Hg), 8.60 (stay Jb, 
GaNH= Diva Lager 20) 2S yuelay Ho) On OER Sepeeeds HO). 

Anal. Calcd. for Co gly g IN, 0eH,0: Oy. a2 Oe ee oe ous 
eo elem TS POUNOT IG eae Pole ewe too O pul, 2 ete 
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o-N=Favalemigo=9=\(2-Loder2-deoky~8-O0-trimethy1- 





Silyl—5*O-pivalylzp—D-arabinofuranosyl} purine (165)."° To 


aest@rred soluuton@ores5emg! (0 .000T@mote)*of%l64 Gn 2 ml 

Ore pyeidineswaseadded *0%1 mi of JN;O=bis=(trimethylsilyl)-— 
acetamide (BSA). The solution was stirred at room 
temperature for 50 minutes and an additional 0.05 ml of 

BSA added. Ageae a further 30 minutes 1 ml of methanol was 
added and the solution immediately evaporated to dryness. 
The residue was dissolved in 50 ml of ether and washed 

with three 10 ml portions of water. Evaporation of the 
ether layer gave 94 mg of a gum which was dissolved in 
ChvonofonitandSapp Lvedmtowa sivilrea reo limi’ (2I5%q,"03s8 x 
13.5 cm) packed in and eluted with chloroform. Evaporation 
OPrtheBivactions. comprising =e eto '20 4m) gave “59 “mg? (95%) 
ePeles "as.%a white solid foam; uv (CH,CN) max 42°72 +272 nm 


(e 272/e 2U2R= BOS S)epemin: 23'7 Mia (e827 276-8287 8 +4", 92); 


nmr (CDCl, TMS. Ginitenna Di GO 2246 (S'- 295 Si[CH3]3), Lea 
(spices, 5'-OCOC[CH3]3), iL £4 Ss, 89-, 6-NHCOC [CH3] 3), Ae 

it Ww ; = 
Gurel y Hai), eae Ota Japparent =aASSS SEZ EZ, Hei gules 
APG SPN TAB em ks ISte Pi Pes e Pe as Mazi, ea, i, hea 
("En , uty 2, Sno Ae Ma 0405 tite AOD) on A Peh Gy TNO, Rae, AF 


Sean, 415, Hyi)s Cores?) 18; Hg), SiG SVS S-? lf oO N= 
PivalLyd) FPS. KSie CS pel, H4)i mass spectrum calculated for 


C5 3H3¢IN,0,Si: Glas) AUS I EO UTI: 90/291 50.6. 
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* 8:9 cp @.8) amuloo softizea s oF Bet luce ons mio2 oxLit0 
nolsayogseva  iftyotorolas Adtw badete base ab. hextosq Am 2. e 
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Lt 
7 
ead 
<*) 
uv 


| onl 


7 

: 

_ 

7 
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6=N7Pivatamsidoro-(2+deoxy+5<-Orpivaly1-D-erythro- 


a i a a A ce 


pent-l-enofuranosyl)jpurine (166). *~To~a stirred solution 





GleLopemgs(U.0008=mole) of 164 dissolved in 6 ml of 
pyridine was added 0.3 ml of N-O-bis- (trimethylsilyl) - 
acetamide (BSA). The solution was stirred at room tem- 
perature for 45 minutes and an additional 0.3 ml of BSA 
Was added+—-After—a-further-45-minutes-—0~3-ml-of diaza- 
bicyclo-[4.3.9]-nonene-5 (DBN) was added. Stirring was 
continued for 90 minutes and 4 ml of methanol was added. 
After an additional 30 minutes, the reaction was 
evaporated to a gum which was dissolved in 50 ml of ethyl 
acetate and washed with two 10 ml portions of water. 

The aqueous layers were then back extracted with a 50 ml 
portion of ethyl acetate. . Evaporation of the ethyl 
acetate layers gave 140 mg of residue which was dissolved 
ine chiorotormmande@applaedetota silacawicolumne d 28% 8805 

0.8 x 15 cm) packed in and eluted with chloroform. The 
fractions comprising 35 to 165 ml were evaporated to 
give @20rmotd 82) tots loG)aslaagelaliker solid; uvet(MeoH) 
Mex WG45i248 mie a8, 6005 199200 exshe2isinmm, (cre ,900) 
Mani 257 swi22 7A nmsclewis , 50 070 13), 200 mene N NaOH) Oinang28; 
262Cnm Wee 124700. 175100) sine 267 aimereii0r 700) amr 

ue 1 


(CDGH TMS; invbernaliuse 1v24 sano, abe=OCcoc (CE 
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ign), 4.69 (m, 1, 
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(Sea), 6-NHCOC[CH3],), ALC2. (news Hy 


Hyai)y A 9128 (xo; vel, Ha), See (af, Joy-3! gr OS 0GHZe. thes'-OH), 


oyS2a tld yu =1 2.80Hz;) L, Hoi), 8. o0balbnyd loo 6-NH- 
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Phvalyk) pp 56 ha, wh; He), BisSiGue (Siyel 7 H5)- Mass 
spectrum of the 3'-OQ-trimethylsilyl derivative of 166 calcd. 


for C53H35N,0,S1, 469.2407 sefound, 48.9).2425. 


Anal #iGaled. sfax CoH 7N595 ? 
Nevo) / Sing BGiinda (6, 2a S85 40H, O268 ON 7 16.42. 


CH heb 4; OH > Gr52y 


67Aminoes9 = (2-deoxy+D-éery thro-pent-1-enofuranosy1) - 


Pirtie tl o7). "lO ad StaErea sormeron Or t.loea (Os002 mole, 


gemnyorace) OL s 64 sine20 ml of pyridine was addéd ?#.07ml 
of N-O-bis—(trimethylsilyl)-acetamide (BSA). The 
solution was stirred at room temperature for 60 minutes 
and an additional 1.0 ml of BSA added. After a further 
moUeminutes,; 1.0 ml OL diazabicyclo—([4.3.0]=nonene=5 (DBN) 
was added. Stirring was continued for two hours and 10 
ml of methanol added. After an additional 30 minutes 
the reaction was evaporated to a gum which was dissolved 
in 200 ml of ethyl acetate and washed with four 20 ml 
portions of water. The aqueous layers were successively 
back extracted with a 100 ml portion of ethyl acetate, and 
the combined ethyl acetate layers evaporated. The 
residue was dissolved in 20 ml of methanol and 500 mg of 
NaOCH, was added. After stirring overnight at room 
temperature, the mixture was evaporated and the residue 
dissolved in 25 ml of water. Crystallization occurred 
rapidly and Gavefagfivstecrop of AG60ymgeofsl59I4asmthe 


hydrate. A second crop of 14 mg was obtained on con- 
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centration of the mother liquors for a total crystalline 
yuehdgorl 474 gmgqm(89%,@asathe hydrdate)iiofF159'mep.ab96= 


198° yaresolidpftescat Ca. 202-210° vand melts with 


decomposition at 224-2359; [a] 4! TOONS (GO0. 967 SME) ,<uv 


(MeOH) maxk250inmeate 16,500) 25 2302 9:0 Time Sr7260 
AAROO VEMINI222 mmeie L507 0.0) -UCO< b N NaOH) max 251 nm 
(o7lo , 200 )tsh i279 7.3290 Onn Steso20 0713300) emine22tenm 

(<£108600) > Gummer (DMSO-d_, TMS@internal) Wo. 63.590(26", 


Jaoparent a 6 — 2, Bet igh 4.43 ( Sextet 7 oT See” 


S20) H2F Jari: wee: Hag Le Hay) Ayoea (Moginget"s Ja1_51 = 


2080276, ,9,\ gas Obizhed. GMO gy aly 6H) 85203 


L23%s0n 


(tf, Isi_oyeg: gu = 660 Hz, 1, 5'-OH), 5.35 (4, 33s oy 3: 


Ga0, HZ ele 34500), 85.69 dy T5131 ee uote ae, Hoi), TAT 
(s4) 2; 6-NH,), 6.30 vane &.340(s andis, ,1j Mand ,1; Ho and 


f aa = 
Hg) mass spectrum calcd. for C1 pHgN595 (M H50), 


Por ,0 856% found,.. 231 70 052; tris (Cremethyisvly ly deriv— 


etme Gf 5159, =eCaicd. Lor Cj 9#3,N,0,513, 


465.2062; spectrophotometrically determined pka . 3.31. 


465.2047; found, 


Anal 3°Gal cd # ,fortc.;, Hor Neo CG) 46719) Bet, (47. 4.5)5. Ny 


TO wees 
28 10 Anebound:eec, 49.29- 9,820.4: NM, 27.92. 


ayedeoxydadenosineie( 5)reand o6sanminoes9 =(2d eoxy-d=D= 


Gry tiroO-pentoruranosy | )purine (1o/) 2 A mixture, OLeZzG7 sing 
(0.001 mole, as hydrate) of 159, 84 mg (0.001 mole) of 
NaHCO3, LOVsiowor oe Pd/C OV Oleweter and 405m of 95% 


ethanol was hydrogenated at Ss psa, bor two hours. The 
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wi £Sh obm (O0CE. ,903 apomin OLS POTS eer Coeryar a) 
\"2") 8,8 8 (lsaueont 2mm 4 ,b-OGMd) sme, 9 (008,008) 


— i: 7 “tednee") £4.3-° 4H.,8 2H 3 = Pael 
a2. ‘a= 'g— ; led ‘ 42, '? ‘ 4 
‘ i ED p ‘ 


p “JSc cp” ) be rs {+48 i 8 o.t = ‘¢~ ‘ ¥ , 3H — 
cvU.e AS et gs: 3 Se 0.¢a = HO-*E= igh ,28 G. io = UF eX 13H 8.8 
‘peion ek <8) 26,2 AHO" nt SHOVE eve ieee tiae sae 
Thy bight ove BS = pe oe 9.2 ,(fO-"€ ,£ . sh 9.2 
a ‘ ~_o a 
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mixture was then filtered through celite, the catalyst 
washed with 25 ml of ethanol and 25 ml of water, and the 
filtrate evaporated. The residue was dissoived in water 
and. applied to a column of Dowex! 1=X2) (OH ) resin (2.2 x 
598 cm) packed in and eluted with water. Evaporation of 

Ele) fractions teromelG50 to#2050 mi gave 34emq (142) of 

167. Crystallization of this product from CH,0H/with ether 
GlLEEuston==gjavesastinet-crop-of 30 mg, m.p. 216-217°; 


[al£°70.8° (c 0.92, H,0), uv (MeOH) max 258 nm (¢ 15,100) 


iti Zoeitie Ce 2900) sent y(DMSO-¢ TMG ANcCernal 0. 2.5. 


6! 
(d of He ge Jorn = 14 Hz, Jou_31 = S9HZ, Jon_ys os. HZ, 
1 Hy"), Lei eSexctet 4, Jor_on = 14 Hz, T5131 =) HZ; 
Jory = 8 HZ, i; Hoi)y 3.46 ( te , Japparent = SUA on 
D50 exched, ce == WE! ok ae totes Fg Hews How), Dele Ly 
Sgndhyn, Dad\On (tee dbpelt caniie: het Gea es es wera) Cw sec ee 
Coe el ete onze) wT ONpesess. (reas = 
Omeli ce, Ty 1gu eer Zip; His), Te OMe See NH>), Se 0 
Ce giieer ces oeiaw ly i) [reportea?®* 211-213.59; 
[ule’ 69.8°(c 0.9, H,0); uv max (HO) 259.5 nm (¢ 15,500)]. 


Alia beateaLec usm Lok Cy oH, 3N503: 


eieG sme UC ane oO ee pe et oN pee ores 


Cae 0 pall per cera 


Eyaporacion OL thewtractions COMpELsong 2300 10 e2000 
ml gave 181 mg (68%, as the hydrate) of 5. Crystallization 


of this material from methanol (with ether diffusion) 


CaVverce Los egCLOUEOL eL4 alg pails ps tL ay [al<° Zones = 


(Cur Lie Oy H,0) and an nmr spectrum identical with that of 
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168. 


an authentic sample (see above). 
Anal sitathecheeron Cy g Hy 3N5903°H,0: Gh, etArcol; si xh .65; 
Mic oO bemibound: eceradt4:. 19.5: JH, Stair IN pe2S 078. 


Jo eld Vanbamidom i (Se lodo=j=deomyaar0- pay aly] =2-0- 
Pemoime thy = jsoivaloxypent—2—enoy 1 |—6-D-—xy,lofuranosy1)= 


Pye rolol273-d) pyrimidine (1/1). To a solution of 644 mg 


GaO02 mole) sof 170143 


in 40 ml of pyridine was added 

6 g (0.04 mole) of NaI. The vigorously stirred solution 
was heated to reflux and 2.4 ml (0.02 mole) of pivalyl 
chloride was added. The reaction was heated at reflux for 
4 minutes, allowed to cool for 20 minutes, and i Oetiasor 
methanol was added. The red solution was Stirred for ca. 
3 hours and poured into 100 ml of an aqueous solution 
Gontaining 59 .oL NaHCO, Sup(e i hesy oF (ape NajS503. The 
resulting yellow solution was extracted with 100 ml of 
ether. This ether phase was washed with three 15 ml 
portions of water. The main aqueous layer and the first 
wash were combined and extracted with a second 100 ml 
portion of ether. This second ether layer was washed 
with the second and third aqueous washes from above and 

a fresh 15 ml portion of water. The combined ether 

phase was evaporated to give a gum which upon successive 
coevaporations using toluene and 98% ethanol gave 1.38 g 


of a yellow solid foam. This material was dissolved 
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Silver acetate were dissolved in 60 ml of pyridine and 
Srlarecs Iisa WwacerabalLlatul 6 ton Ca. ~19 hours... The 
resulting dark solution was poured into 120 ml of 53 
aqueous NaHCO,. The mixture, containing precipitated 
Silver salts, was extracted with 200 ml of ether and the 
Stherawasned with three, 20) mL cortions ofuwater..| The main 
aqueous layer and the first wash were combined and ex- 
tCraActedawutne200 ml, pore1ons Gf ether. This ether layer was 
washed with the second and third aqueous washes from 

above and a fresh 20 ml portion of water. The combined 
ether phase was evaporated and successively coevaporated 
using toluene and then 98% ethanol. The residue was 
dissolved in chloroform, filtered through celite, and 
evaporated to give 1.3 g of a brown solid foam. This 
material was dissolved in 25% pentane in ether and applied 
to a Sllica, cel colUNn (15°90, 2.2.6 4 Onc) 'Dacmean Lieang 
eluted with 25% pentane in ether. The fractions comprising 
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etfs li2 dissolvedidan 20 ml of methanol was added 0.5 g 
of NaOCH 3. The reaction was stirred overnight at room 
temperature and evaporated to dryness. The residue was 
dissolved in water, applied to a column of Dowex 1-X2 
(OH ) resins (i. 30% d64.cm)),, andi ciutedi wuthts 5Ovmiov0t 
water followed by 300 ml of 30% methanol in water. 


Evaporation of the fractions comprising 300 to 950 ml 
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material from methanol (with ether diffusion) gave a 
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2Aseamce (02 00l mole) "sample tofM1/3 a2 50ymorot el 0s Pd/C, 

25 ml of water and 25 ml of 95% ethanol were hydrogenated 
at 10 psi for two hours. The mixture was then filtered 
through celite, the catalyst was washed with 25 ml of 
water and 25 ml of ethanol, and the filtrate evaporated. 
The residue waS dissolved in 30% methanol in water anda 
saciid toa column of Dowex, L-x2 (OH) resin (2.4 x 


95 cm), packed in and eluted with 30% methanol in water. 
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Evaporation of the fractions from 4800 to 6300 ml 
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LO2 sig, i. pew lO l—1 932. [a1o° 


S00 Cai CuO 5) 27S eT) sy 
uv (MeOH) max 269 nm (e€ 11,200) min 239 nm (e 2600), 
COpeL NECA meiner ee eee yy Jenne LO, S00. 255500) min 246 nm 


(ea47 002 Ue len NaOH) imax 269 nm {ce 105700) min 239 






















saved? Ln: 0OeS (2. I1LS.Mert Bapkaon et: Bo: 

' dovieovg eho to, soi ssebhisdagsD aDEL2 
qoxyo Jeni? s svep (setewieeS edse cee : praises 
ee 060.0 ,p) *B. 64)? Spal MOC cee ORE | 

arr OCS atm (O08, ah mn 938 sam (ROeM) ve (HOF ” 

(OG0,bS ;00%, O01 >). mm TRS 980 mem (LON Be SiO peg COCR eras 
(OOS,1F 3) ma OVS 4am (HOM BW Dv0) 5 (0CES 5) mae Sella 
QCBal .é (landetnt- 2mt ¢_ bh OaMa) > ama + (0008 o) ma OF nkm : 





LV ,3H Cid = 


aH Pe p= "se" ‘sme «SH. £2 =. igeugh ‘PF dab) ; 
3978: = ap _agh \anel = wpiagh 1"Seqoe") Q1.8 sf Hie 
, i) ct. F : (¥ o° ars = .. , mi) =) ohne oa ‘ (ogH cf «BH a = panel 


,{fO=*2 .1I . sh 2.2= ne. saaHoe .*) 20.2 veh s1e8 mY 

, SH = acurph .6) £0.d)09'"S ft yess © iounok »®) 02.2 
| git 8 a igs i : oH . seek sh) TE .8, Ay yf 
bedtoget) igh f .B> C+, .ta ge o + = a 3u sb}, Ree 
CBr (WOM) vi 4 (HOSE ,1 as “£-et- gt (181-081 “4m 
(00 £13) mm eas 

a PPS vH yEv Se o.. : OL yt ue 49 baked Seo vi a 


SL.88 \w tna? Jn S@ ,3 i hatro% bigs 7 

rs ree a, ' 

ini ad£9 of 0086 mor andi tons alt te noi sesoqeva . 
(Som 5 se 
BiLon. aids Yo not Sesst Leaeyso 20s 20 (eee) oe ces evep 7 
oe _ 


B taht & eae (modeut Ath raise § 





(e02700) 7 nmr. (DMSO-d MisStinvernal) aa 2B.8S,)(Sauintet", 


6?” 

S33 = 13 HZ, Tau_qs = 7 HZ, Jau_g = 5 HZ, ly Han), 
2.34 (m, partially obscured by DMSO peak, Ta1_gs 
Jqueot = 68H2) ly Ha), B.D gy (Wy appar ene = 5) W254 25 
Hor suds ap oOvemy £1; Haids 4.Go, (ms) 1, Hoi), WA Cee 
oon 5a s “Whe Zee. web) On) -O 58520 (dg Jon-2' = DO eZ; 
i, emer OH) | oo 06aid, JiGl5t = Wy Hz el; Hy) bao0 (d, 
Sey ie AMAT is, He), Sak OT! clr a 4-NH,), ieee Thole Jeon = 
4 Hz, 91) -H.)G + 82000(s7 ily H,). 

anak. Caled... £0r. C3 Fy N93: OTe eno art ee ra ar GaN 


OD ee OULICismmn BO nl © ell, tO. Oo) | aN es OD 


A-NePivaleanvie—/—(S-piveloxymethyl=2-furany |) pyrrolo= 
mooie. (76) sek C2 55mg (0.001 mole) sample of 


i” Gnwast heated? inl ant oil lbathvat. 180ftftoretwoomanutes’ 
After cooling, the residue was dissolved in chloroform 
and evaporated to a yellow powder. Ether (15 ml) was 
added and the mixture was filtered to give a first crop 
OlmicOemgeoE T1776. Concentration of the mother liquors 
gave an additional 150 mg in three crops for a total 
yield of 280 mg (702)mofismalllwhitescnystalstoGgal] 76 , 
mivp.el159=-L60°;nuv. (MEOH) maxe262¢.2180nmtte 289 600GH24 ,300) 
sh 290 nm (ce 8400) min 233 nm (e 12,700), (0.1 N NaOH) 
shp 28027 2488nmax ofA 007a207,000)21 40nd. NeHCd) Gmax 286; 
235 mi Cee24y500% 17,5009) shim 65enmiuie( 21),300)¢ 


TMS 


nena AS eee enme Co 15,4007 15,400) > nmr (CDC13, 


Asi 

























,"secntwp) 98.) t) (féatedel eee eg br Sans). . . 

bugil, of aR en = Veet cal ite jn ae Saaey ‘aia 

*igleel ins ORMG qe begusedo yl latte ya Bose 

= inssisiggn® m2 a ) £804 vy pit vf eHe Pipl egh 

AY SEP Ct cH yf a) 2.8 yt gt, oe vlna, «gt 

8H B2-= yeah: bb Se. a Gets Lt eee = we. (eo9oe 
5) 00.4 .(,,R .f aH Lb cay yh BP COne gehOetiags 
ea) ) BLT , (gio .& ,2) re.d , (58 ,1 SH b= 4035 





.s gen e 





‘5 Of _s 


gt: °F ,e) 52.6 *yAgH i£.Qseee 


W400.2 it GON .S@_ 1D 4,0 Set Bee. eee : : 
en, Hd => S = a, yO 
00.58 ,#@ 7Viw!? \o 189.82 (3D sive ~€E.S8 ; 


; 

-oLon ra { iT isi-S-iydsenyxo [eviq-2)-\-opige ievig-iee 2] 

a a et : 
10 elgues (fom 100.0). om RSA (REE) Saeneiageens si 

astvoikm ow -xo% °O8L 46 ddbdfio as ct Beteed anu. att 


— 





* ggotetofds at Bevioeesth -2sw srbieés ene , vatloos bag 5 9 -_ 


aobw (Im €£) sedse ,ishwog woliey~s ‘os bods20qsve i 
qGin taxuti s'wvVip of feted it? sew sawimem sed bas bebhs . ¥ 
etoupi{ zedsom eft Fo nobtsadeasodod “Bt ho pat 0EL.20 
‘heto2 4 1o0l- agoto. ssxd2 : at pm. 0k foonts bbe me BVO - 


SINS 
“wy @t Qe etetayuo sche {Inare to — ym as 20 bL 
: : -T Pom 
iS 000, 8S gh me BLS psoas ered { m var s°08~8E a 
7 q _ NEP ae \ sn Pony i weds ic : ‘a Or 
rate ee a ene ae ee es 
















te 
~s 
(ez) 


imvernak) 026s, Latd( sm 9) OCOCICH,]3), HISei(sHooy 
“~NECOC[CH3],), Eres Gs 2o7 Hea gu) s GAS Gal 1. = 


etal wn Hor, Bones Blah, wae, ,(e, , 


TSO Ad hal 


ra UH Gls; Hoi), pea t{d, 
ells 7 5)s ESS 
Wo 2 A NE pivalyis) A 28it56 4(\s 28.) 4H 


Psu, ka 3 4) HalieLMH Ot 18,720 


9). 
Anew iCaited 34607 C51 H56N4O,? Cn 103 25.07 He bac? 


Ley Wels OGy. Bee QUIC! op Re WMO he *- He €6 00) /,7 EN, L329 2). 


BNP ivalamirdo-/—(s-methyl—=2—furany)) pyrrolo[2,3= 


d]pyrimidine (180). A L100 mg 4(0.00025 mole) sample 





6fa1/6,.-04 mg. .(0)..001 mole) “of NaHCO HOUsMNG SOP oe a/c, 


aT 
10 ml of water and 40 ml 95% ethanol were hydrogenated 

at 3 psi for 3 minutes. The mixture was then filtered 
through celite and the catalyst washed with 30 ml of 
methanol and 30 ml of chloroform. After evaporation of 

the filtrate, the residue was partioned between 20 ml of 
Wate rmicand.150) miifo fiiltchi crofonm.-celhewwaterighay eriwwasmex- 
tracted with three 10 ml portions of chloroform and the com 
bined chloroform layers were evaporated to give 81 mg of a 
yellow gum. This gum was dissolved in ether and applied 

to a silica gel colum (10 g, 1.3 x 20 cm) packed in and 
eluted with ether. Upon evaporation of the fractions 
compris bngwl2 0) ttomS.0imis 16 1 mg2h(82:3). to 8s .18 0 jery steamed; 


m.p. 127-128°: 


f 


uw (MEOH) iia 262 x2 172 rim. { © 227800; 


Borgc0.0) kisime2 8.5 tim Ge 7400): yim 3.8) nil e( Sd 352°00:),, O21 N 


Per m a 






















a re ae i ee ee 
TR ee 
OY BEN by gl Deemed ge oe 63.8 dag ok la 
0.8. (3h Pte} = ane +bY 02.0 1158 fe goa 
GH yl $e) 288 .(igbewigene af vad) - 
BEL). HOE. EO \ o> tp Oui E.S 202 -BpteO) eRe ey 
+ ERP sa 208. aM 5 VE 28 4D ¢Bawet . CODE ae 





om Gg 
o>, 


~“L 5 j ¢C rox : ‘& { Iva oe a he | -Ilydtom-é) - V-ohime isv.td-Ueb res - 


ignee (9Lom’ 28000.9)' gm Bot 4° (082) SaeBEebr ya (6 
me : ; ew ee a 
\bt £2 to pm OOL ,-O0NEY 30 (efom 100.0) ga 68 \etE Ze 





etsnopoxrbyd sew fonmsdts #2@ fe 6} Bas tTeJBw 20 Im OL 
hoxsa lit nora aid: otusicint any ; auijunio £ 2x03 teu £ ts / 

16 Im Of tivtw Bofake Yay fini eo Sag he eSkieo itpvowit3 
to noiteaagayes seltA = smetqueite Io te Of. Daw Eonssitom ' - 
io im 0S. neevted hertetizsq sw subtest ols, y.eoetakiioae 
“xe eev.seysl zse¢sw orht gtithatisdian Se im 02 Bow: 1938w 
moo ald bis miotewolido Jo anoigiteq im Of gama citi Saget we 
& io pm 18. svip oF} Ssdriogeve, stew aseyel miotoxolds bend . 
Pekiugs- bis xoli¢g ot. bowloweih saw my aby. Seah deine: 
Sis ni fedorg (ao 0S & f.L yp OH te hae 
| eaaeile oct vd es ont ne 





-_ 
‘ 


MEl@emax 286;8235anmry 1 205600; 19,300) sh) 265xnm 
(25 1597300) Pminge S0ES2200nmg(e 1270007(24590097) (0.1 N 
NeOH)Wshe3 5 -m250742 2emnme (F01260006n1473007819;,400) > 


nmr (CDCl, TMSocnternal noed.8s, (svaoy NH~COC[CH3]3), 


— 


Dio MEO a) =, (9H2G03, CH3), Ce 0O7 S (dsof.d, 


—CH3-3'! 


=J15H2, =§o802¢aL, Hai), 6s 49nd by = 


v9. O48 
=p4irz tel, G.)bag? 417 (an 


J3'-¢H3 331-2" 


3 H2, 1, Hoi), 7-11 (d, Jee 


Je_s a Az, 1, He), 6.20 {br,1] UNUsplivelyi), 8.667 (sg 
iw a bale: 


Anal. Caicd, for ¢ Cpt 64.4 1G Hey OF 08 > 


1618) 4°2" 
W818 8. 24Fotnd -PGun64.66; HL.6e21u_NS. 18:92. 


A-AMino=-7 = (S-methyla2zeturany.) pyrrolol2,3-d)]- 


pyrimidine (131), Ao1l50gmg— (020005 mole) sample ofed 80: 


was dissolved in 100 ml of methanol:triethylamine :water 
(45:10:45) and stirred at room temperature for two days. 
The solution was then evaporated to dryness and the 
residue crystallized from 5 ml of methanol (with ether 
daeetucion) Corgi vena firstacwopaotnGobmagtotagd 81.5 whe 
mother liquors were evaporated to dryness and the residue 
dissolved in 3% methanol in chloroform and applied to a 
column of sdlicatgel »(349)70.8mx(16) ém)g packed, ingand 
eluted with 3% methanol in chloroform. Upon evaporation 
Sixthe? fiuactions, compraising3102¢0 20 ml ,peo7mgy of6180 
euystailltuzéed, for antotadpylieid of 102 mg «943)),,mtp3 


127-130°; uv (MeOH) max 248 nm (e 25,000) sh 285 nm 


EL 


SU ERS he (OOK AL (ORES ah mm. BER 

M £.0) (002, £90008 =) tne. 455 00S nie 
(Ob, OF” SOUR REL 20K CE 9) stat Rs 08s ‘aunt (eat 
of, tL BOJI00=N4-, 0 ye) O86 (ienaedat BaP ~pLodD) sae 
9p 36 fh). FOL8 ofp Gk ya Lt ‘g-cHoe .b) EEs8 
ipiigh .5) Ohad V(igh vt RS = vol eg h ae a * sHo~tel 





.'b) (hot v(sH rf ~« BH b= re »B) I1,% vfegh +f. ( 3H .f 


4 r)  oc..8 ‘ \iytavig-~ ith ‘ f , 1) OL 2 ‘ (3 me , mit b = a@-aw 
(80.80 8 »ib.d Oo. -% Oy Hg ply 5? “02 ,boled .«1enk 


SO.B1 \W <£808 <H 199.88 [9 sbaget: BTS We 


Ube €, Sloloss¥va t(lynese?-S-Dyaiem-2)-T-oniaks 


oe “ om eo ee rene a aed 


~ 








Rito. sigmae (ofan: @0,90 .0).-ppt et A : (tH 4) Sik REMIING 
; Se eee es _ 
isjaw: ovimedyti ons: lonettjem Io im BOL ae bey Loasibsaes 
‘ayy ows Tel otutezaqmes mooy t6¢ begaige Baa (@b20L: ah) 
Ud bn -eweonyth oF Besetecsve nad 235w aoijutos oA? 

wande daiw) Llonsrtdes to Im 2? most hesbiisveyio exbises 
on? 181 to pm ad lorgoxs sexi? suewip on (moieuRa LS 
svbiees., ai} bre aesnytk ot beisrogsve erew eyompet sedéag 
& of -boilges fue miotorolda ot, Lonshvem #€ ab bevioeshb 


bas ad bestzey. Ge 9. 3-82 12 8) oe mein 2 Ae 


7 —— 









Le TFE. 


(2.9000) min 223 mm, (¢ 16,200) 7. (00.UGN HCl) max 253; 
m2¥ nit Ce 233000; MS 7100), amind232 nm Ge 4132300), 

(0.1 N NaOH) max 246 nm (e€ 20,900) sh 232; 280 nm 

(e 167800; 105300)-senmr (DMSO-d_, TMS “inteenal) d 2226 


td, = 1 Hz, 3, CH3), 6.18 (@ of 4q7 Tatu =i Thy tthe 


JoH3-3! 


J — Ome varl, Has), ect oh Wel 


—3'-2' 
G. 73° “a7 


Jo1_3 = 3 Hz, 1, Hoi), 


Jei¢ ={4 Hail; He), (2 1 4buye2 meio rset (4, 
Jee seed! Woh ES He). rs sl fl Be Uf Oro ra RG Hy), Of it a ZY 
Cazes OCH,CH3), Zed) Hee eS, Wel OCH,CH3). 


Anal. Calcd: for C1 0N,O° 1/4 Et,0: Ceo sols en, 


Bar eae N eA Over OUNds = = CpIGlIRGOT eH, 3.447 NF 24.12. 


A-FMINOa) (oe nyoOcoxymechy i= 2-purany 1 )ipyrrolo|273—d |— 


Uyewidines (4/7). | To 796 mo (0.002) mole) -of 176 dissolved 


in 20 ml of methanol was added 250 mg of NaOCH,. The 
mixture was stirred at room temperature for 18 hours and 
evaporated to dryness. The residue was triturated with 

15 ml of water and filtered. The filter cake was washed 
with water until the filtrate was neutral (ca. 15 ml) and 
then withymethanolodndgethermto, give7426 mg (912) )0Gel/7 

in two crops, Mep.mlZ8Sl808e uy {MeECQH) max} 249nnm) (e—28,500) 
Sh22852imate (20; 300)Omind226pnmgate 159700) fe (OL ON Het) 

max 252. nm (e€ 26,400) sh 230 nm (¢ 16,100), (0.1,N NaOH) 
maxeg47 nme 245200) tshs 233639280 nm, (6-18 ,7005 10,500).; 
nmr (DMSO-d_, 
Cyan CH5OH) , GAs (CC, T3151 = 3.5 Hz, 1, Hy), 6.54 


TMS tntermal) 26 4.40 Ws,j2, CH.OH) , 528 


—_——_— 


are 



















:€a8 zat (£9 Wt.) ~COOROL o>). mm ESS 

~, (OEVEL 3) si SOS: mim (O08, at 0OOVES | 
ma O8S {SER de (008, 0S a) mi DOS Rem: tenew tet, 
-Oi.8 8 (dentetgt BBY , gh-OUNG) wer 4 (ORIOL 4008 va ls) 
,aH 1 * pute vb. to, 5) 6L.e s(onD .€ (set ® te-puoe yo) 
vCrglt sf ys E = pela gt sh) EBL «tye ft Gah Bm ge gee 


= | ls 
Hh) PBT) (oR aS. ~edy PEs iV -< tlt ql ait, & = sab +6) €v.3 : 
SH . = L a oO. i ‘ (3 ap | 2) 1L.8 tga me .ah * = a-al 
(ghee . <.0 Bie {= t 1.) be. A ead Seared aha 
Hoes 2. 2 oO 10,38 B\ I ‘Og rtli > 102 Soba Lenk iv 
CTLAS .M abbve .H eO8uzte ences” -TO.58 \Y “4b.2 


[b-£ Sl ofeauve( fynsra ~i-iyt ssmyxno mbyd-eé)} -T-entma-) |< 


a _ —_ NN 








aa 


bovfoanib Off Jo (elom $00.0) pm 8 of + (UE%). em eiReins 


OAT  ..~AQOKY.2o pat owe Lebia enw Tonssgom 2o In OS: ant 
bro sxeorl 81. 202 exedevoqmes mooy 46 Beaniége saw esudein 
fijiw bojatpsiad saw enbinax ent . dageipth- ot botsx0qsve 

betesw esw sis 1etlél-onfl . beved ll? Bad’ vesew ta fase 
bas (in ,¢f.:..50) Lextduen:eaw stisaeita pas cide ‘wodew witiw 
{Vs-20 (#10) pm @Sb avip ot redo fos Lonsizem a lw neds 
(O02 8S 4) mn RbS xem (Q0N) vi ¢2O8E-BNE squat ,BgorD: Owe ak 7 
(408 Wb.0) , (007, CL a) ma ESS ohm WMOE RS 39 mn 208 te 














os: 


oa | lad proceed ‘tcp 
7] ih cas posnnes _ Bes his 
a ais eae: 5 a 
Roe 7 . 
ae 


e is 


tas Jo1_3: di BIS aa 3 Win lar Hoi), Oar bs Je_¢ = as tHzZ; 1 
He), heli eam fy NH), 7240 "4d 3 Jes = A, Ly He), liege WS 
(s, 1, H,). 

Ata ww ealcd we nor C1 Hy 9X40: OOP jena sy ie oe Ny 


ee OUn I mC more iy ae coy Np eld oO 


s-AMInO~/—\2 73 GLaeoxy—p Dug l yCerO-pentoruranosy! )— 


os 























Py cOlLol2 7 s-cl pyrimidine (l/evand 1/9). A mixture of 


So Uencw UOC mole ores 8) 250mg (0.003 mote) of Naico 


a7 
460 mg of 10% Pd/C, 10 ml of water and 40 ml of methanol 

was hydrogenated at 60 psi for 16 hours. The mixture was 
then filtered through celite and the catalyst washed with 

50 ml of methanol. The filtrate was evaporated to 

dryness, dissolved in water, and applied to a column of 
Bowes hoe (Ol) resin wl. 3.x 43 em) packed in water and 
eluted with 60 ml of water followed by 90 ml of 303% 
methanol in water. Evaporation of the fractions from 40 
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with that of this racemate.) Treatment of a small sample 
of this racemate with toluenesulfonyl chloride followed 
by heating in acetone to effect cyclonucleoside formation 
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Ethyl~4,4-dimethyl-3-pivaloxypent-2-enoate (154). 
Mecho te LOluged (0.55, mole) Of Nal in 250 ml Of pyridine 
was added 39 ml (0.33 mole) of pivalyl chloride followed 
by tne dropwise addition=et 20 mi (0.11 mole) of 
triethylorthoacetate over 15 minutes. The reaction was 
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washed with three 100 ml portions of water. The pentane 
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was obtained by crystallization of the solidified 
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